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Summary 
A reliable technique to assess impacts to coastal zones is required as coastal 
areas across the world are under pressure from an increasing human presence. The 
result is a greater level of disturbance to the coast, both marine and terrestrial. This 
study addresses a worldwide problem but is focused to a local scale. Wedge, on the 
central coast of Western Australia, supports a squatter shack settlement and has done 
so for approximately 50 years. Over time, the number of shacks, campers, tourists, 
4WD's and motorbikes has increased. In recent years this growth has been significant. 
Management of this area and all coastal zones require adequate methods to assess 
disturbance, impacts and potential problems. 
Species cover and environmental characteristics of a coastal heath community 
were studied using data from 96 quadrats collected on the dunes of the Wedge 
promontory. Methods for multivariate data analysis are many and varied, but few 
studies have used gradient analysis to assess variation from disturbance to the dune 
communities. This study is therefore innovative as it used both direct and indirect 
gradient analyses to separate natural (control from disturbed (impact) sites. Gradient 
analysis determines relationships between vegetation and environmental data and is 
therefore a more rigorous approach than traditional descriptive studies. Gradient 
analysis techniques of non-metric multidimensional scaling (NMDS) and Canonical 
Correspondence Analysis (CCA) of vegetation data separated control and impact sites 
according to their percentage cover and nineteen environmental variables. 
Although control and impacts sites were not statistically different due to natural 
variation, initial analysis of all sites identified the successional nature of coastal dune 
vegetation and resulted in a division into two major landform groups, foredune­
primary dune, and swales-flats-secondary/tertiary dunes. These two groups were then 
analysed individually. Gradient analysis provided a clear definition of sites in 
disti.1rbed areas at the local scale for this coastal site. Indirect gradient analysis gave 
good results for the data..:set, whilst direct gradient analysis supported this and 
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indicated a range of possible relationships to impact areas. With the simple variables 
used, gradient analysis provided good quality inferential results and highlighted 
specific vegetation species that may be used as indicators of disturbance. This 
technique could be applied for both assessment of variation on a local coastal scale 
due to disturbance (ie impact assessment) and also by using indicator species for 
conservation management. 
Gradient analysis identified and separated natural variation from human induced 
variation in vegetation patterns. This analysis showed that disturbed areas have 
different species composition and diversity, that two native species Acacia cyclops 
and Myoporum insulare are strongly favoured by disturbance, that the level of native 
species decreased and weed species numbers increased, compared to undisturbed 
areas. Gradient analysis proved to be an effective method to differentiate between 
control and impact sites and therefore would be extremely useful instrument for 
assessment of impact for coastal zones that are under pressure. 
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Abstract 
An assessment of disturbance to coastal vegetation at Wedge, central Western 
Australia was undertaken by gradient analysis. Data from 96 quadrats within Wedge 
Reserve 43283 were collected from the dunes for vascular flora and environmental 
characteristics. Wedge has supported a shack settlement for 50+ years and is subject 
to increasing pressures from greater visitor, tourist and recreational numbers. Square 
root transformed percentage species cover and 19 environmental variables were used 
for indirect and direct gradient analyses (NMDS, CCA). Distance from the coast, 
landform and number of native species delineated the natural succession of vegetation 
patterns from coast to inland. This succession was classified as five individual 
landform units (foredune, primary dune, swale, secondary dune, flat and tertiary dune) 
within two broad landform types (1 & 2) and sampling sites were assigned a control 
(outside settlement) or impact (within shack settlement) status and landform type for 
analysis. CCA and NMDS then separated out variation in disturbed areas and 
identified that, although plant diversity was reduced for impact sites and contrary to 
expectations, there was an increase in vegetation percentage cover (30%) than for 
control sites. The reverse held true for percentage bare ground. Two native species, 
Acacia cyclops and Myoporum insulare and a non-native grass, Bromus diandrus had 
significant percent cover increases for impact sites. A range of native species, Olearia 
axillaris, Spyridium globulosum, Exocarpus sp.,·Acacia truncata and Carpobrotus 
virescens had greatly reduced percentage covers for impact sites than control sites. 
Gradient analysis highlighted a number of 'latent' variables that contributed to 
vegetation patterns, including conductivity at 50cm depth which correlated with 
impact sites, that provide information for management and direction for further 
investigation. 
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Chapter 1 - Introduction 
An increasing public awareness of the environment has stemmed from the 
recognition that humans rely on ecosystem services and products, not only for survival but 
also for recreation and lifestyle. This had lead to cohesion between the common arguments 
for sustainability and conservation. These arguments can be based on hard-nosed 
economic rationale, or equally on simple moral or purely intrinsic values. Moving toward 
sustainability is most often based on an improved understanding of the impacts of human 
activity on the environment (EPA, 2002a). As human populations grow and accessibility 
increases, visitation levels rise in 'natural areas' resulting in environmental damage. The 
stewardship of any natural resource requires accurate, consistent and reliable information 
to enable sensible and appropriate management decisions. The information derived from 
analysis of any baseline data, and the techniques best suited to attain it are varied. Indeed, 
the ideas of sustainability and conservation have spuffed the creation of a range of 
techniques to assess and manage human impacts to their natural environment. In the field 
of teffestrial vegetation, the techniques to assess impacts and the understanding of 
concepts related to impacts such as disturbance levels, plant community 'invasibility' and 
resilience are necessary to interpret the impacts humans have on natural ecosystems. 
Areas of particular concern worldwide are fragile coastal ecosystems, therefore the 
responsibility is on coastal managers to understand and mitigate coastal pressures and 
disturbance. Human encroachment to the coastal zone is increasing, this is highlighted in 
the following section. 
1.1 The Coast 
Coastal areas are a mosaic of rich and diverse ecosystems and resources that are 
strategically important to 'the economic and social well-being and development of all 
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nations (IWICM, 1996). However coastal regions worldwide have been subjected to 
increasing impacts in both developed and less developed nations (Post & Lundin, 1996). 
Most of the world's population lives near the coast with more than half within 60km of the 
coast. By 2020 this is expected to be two-thirds or more than 6 billion people (Harvey & 
Caton, 2003). Coastal areas, especially those near major urban centres, are under particular 
pressure. Population increases, tourism, urban expansion and increasing recreational needs 
are leading to increasing levels of impact to fragile coastal areas (Gormsen, 1997; Beatley 
et al., 2002; Harvey & Caton, 2003; Priskin, 2003). In addition, humans are highly reliant 
on coastal areas for the provision of food, employment and other needs. Coastal zones are 
reported to provide a significant proportion (40%) of the world's total 'ecosystem services' 
(Costanza et al., 1997, in Harvey & Caton, 2003). Pressures may lead to major 
environmental problems and the reduction in these essential 'services'. Further pressures 
include improved access through more road construction and greater use of 4WD vehicles 
and an increasing public awareness of the attributes of the coastal zone resulting in a 
higher percentage of coast reserved for conservation (SOE, 1998; SOE, 2001; DPI, 2002). 
Many coastal regions are experiencing environmental degradation such as 
pollution, fishery depletion and loss of marine and terrestrial habitats that lead to conflict 
between users and among agencies administering coastal and marine programs (Al-Eisawi, 
2003; McCleave et al., 2003; Prisk.in, 2003). Initially, reserves were set aside for 'scenic' 
values, but more recently areas are reserved because they are significant or remnant 
ecosystems (Conacher & Conacher, 2000). How�ver, this may just relocate a problem and 
can result in higher impacts to localised recreation zones such as accessible beaches. These 
problems associated with coasts and coastal management have been recognised and over 
the last ten to fifteen years a greater urgency to understand coastal processes and to 
establish management policy, plans and programs has been undertaken. As Underwood 
(2002) put it, "never has there been more need for urgent, integrated and coherent 
decision-making about coastal environmental issues". Increasingly the public and 
government agencies have become concerned about coastal environments. Understanding 
how the public use these areas and what they see as the most important improvements to 
these regions is critical to their assessment and management (SOE, 1998; SOE, 2001; 
Burger, 2003; Masalu, 2003). 
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International recognition of the importance of our coast has been formalised in 
forums, reports and agreements such as the 1992 Rio Earth Summit (Agenda 21 - Item 17: 
Protection of the Oceans . . .  Coastal Areas), the World Coastal Conference in the 
Netherlands in 1993 and the International Workshop on Coastal Management Practices 
held at Xiamen, China in 1996 and more recently the Coastal Zone Asia Pacific 
Conference held in Bangkok, May 2002 (UNCED, 1992; IWICM, 1996; VIMS, 2002). A 
principle concern identified by these forums was, not only the increase in human 
population in coastal areas, but that more people were choosing to relocate to, and spend 
recreational time on the coast. This places coastal zones as the area at greatest risk from 
human impact. Many countries are concerned and have established national, regional and 
local plans to deal with existing and potential coastal resource pressures (Beatley et al., 
2002; Catto, 2002; Harvey & Caton, 2003). 
Australia's population distribution is no exception and follows the international 
trend for increasing coastal population. Australia's coastal zone supports approximately 
86% of all Australians (RAC, 1993). In fact, this country has one of the highest population 
levels worldwide for the coastal zone and it is increasing (RAC, 1993; Pederson, 2002). 
Almost all major cities are on the coast and the Australian Bureau of Statistics advises that 
the concentration of population in these centres has become even more pronounced since 
the 1950's (ABS, 1992). ABS censuses showed an urban population rises from 61 % to 
84% of total national population between 1921 and 1986. Australian coastal areas are 
therefore characterised by conflicting pressures �etween economic and social activity and 
the maintenance of environmental quality. Australia's coast, like many countries, is subject 
to over-use, inappropriate development, tourism, fishing, recreation and other human 
endeavours result in diminished natural values of the coastal zone (RAC, 1993; UNESCO, 
2001; WAPC, 2003). 
To maintain existing coastal social, economic and environmental values we need to 
understand the coast. The national State of the Environment Report (2001) noted that the 
scientific knowledge required to help uitderstand processes in the coastal zone, both 
marine and terrestrial, is currently inadequate. The Coastal Zone Inquiry (RAC, 1993) 
identified the coastal zone as a priceless national resource, and more recently the Western 
Australian Department of Planning and Infrastructure (DPI) recognised the coast as the 
State's greatest asset (RAC, 1993; DPI, 2001). Dunes and sandy beaches occur along 
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approximately 50% of the Australian coastline and are sensitive and dynamic landforms 
(IWICM, 1996; Jackson et al., 2002). These landform types are natural attractions, are 
susceptible to damage from any level of increased use and are the areas first to suffer. 
Priskin (2003) related off-road vehicle use to dune 'splitting' causing blowouts, vegetation 
destruction and erosion on the central coast of Western Australia. Both vegetation damage 
and weed introduction are linked to human activities. Jones et al. (2003) found that 
biodiversity reduction and weed introduction was a direct result of human activities on 
even the most remote of coastal ecosystems, such as those of Gough Island (South Atlantic 
ocean) which are now no longer pristine environments. The Australian State of the 
Environment Report (SOE, 2001) found that sandy coastal areas were under localised 
pressures from development and recreational activities associated with intense urban 
spread around population centres. They also reported that they are generally poorly 
described and monitored and among the most poorly studied coastal habitats. 
Australians love the beach. It is ingrained in the psyche and people will fight for 
open access to the coast. This beach 'commons' attitude is one of the main reasons why 
Australia's population is concentrated around the coast, specifically along the east and 
south-west coasts. Locally, the growth in the region south of Perth is evident from the rise 
in numbers of people moving to coastal towns in the south west of Western Australia. 
Growth in population has seen Mandurah (70km south of Perth) quadruple its population 
since 1976, and Busselton (250km south of Perth) become one of the fastest growing 
towns in Australia in percentage terms (Pedersor:i, 2002). Further Western Australian 
examples that highlight pressures on coastal areas include the proposed tourist 
developments at Smiths Beach, cahal encroachment on coastal wetlands of international 
significance at Mandurah and Busselton in the south-west, the Leighton Beach 
redevelopment in Perth, the Coral Bay/Mauds Landing development proposal (recently 
refused by the State Government) and the gas and industrial expansion at the Burrup 
Peninsular and now Barrow Island in the north of the state. (Trudgen, 1991; WAPC, 1998; 
DPI, 2000; WAPC, 2001 \ In addition to significant development and residential pressure 
is the tourist and 'weekender' growth that continues to intensify (CALM, 1990; CALM, 
2000; Priskin, 2003). Beach use patterns are also changing, people are using beaches not 
only for swimming, surfing, walking and fishing, but also more often for appreciating 
nature and for spiritual renewal (Pederson, 2002). Western Australia's regional beaches 
increasingly attract large numbers of visitors because of their remoteness, stunning 
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landscapes and untouched 'wilderness' ambience - a trend that is unlikely to change but 
could degrade the very attractions that bring people in the first place (Pederson, 2002). 
These trends and the potential for -over-use of natural coastal resources have been 
recognised and a requirement for management identified. Harvey and Caton (2003) 
maintain that coastal management is the management of human activities on coastal 
environments, and to effectively manage an understanding of activities causing disturbance 
and the resultant impacts are required. All the examples are related to people, their new 
developments, their mobility and their recreational activities. All these have an effect on 
the existing environment and in many cases the first elements to suffer from increased and 
expanding human activities are the flora and fauna. This leads to a need for accurately 
assessing and managing pressures to natural areas. For this study, the impacts are on a 
small area of vegetation on the coast of Western Australia. The next section defines impact 
and outlines measures to assess impact to vegetation and the following section outlines the 
techniques used. 
1.2 Impacts and Assessment 
An impact can be defined as anything that has an effect on or influence to 
something else. An effect or influence to a natural area may occur due to natural or human 
(that is anthropocentrically defined, or as separate to nature) actions that result in an 
alteration or disturbance to that area from its original 'normal' state (Schembri, 1997). This 
alteration may be positive or negative and there are a range of views and concepts relating 
to disturbance and the impact to plants. The intermediate disturbance hypothesis proposes 
that an intermediate level of disturbance leads to the greatest diversity by creating a range 
of habitat conditions (Doherty et al., 2000; Mackey & Currie, 2000). Plant resistance and 
resilience, or tolerance to disturbance are also important concepts. Resistance is the initial 
response to disturbance and resilience is the capacity of the system to restore itself. Plant 
resilience is now an important area of study. The concept proposes that ecosystem 
resilience is strengthened if there are multiple species occupying roles in each functional 
group, or that biodiversity is an 'insurance' policy against change (Doherty et al., 2000). 
. I 
Indeed, Mitchell (1999) used gradient analysis to measure the resilience of heathland in 
Britain as an indicator of management success. Monz (2002) calculated resistance and 
resilience indices fcir trampling effect on Arctic tundra plant communities at varying levels 
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of disturbance (trampling). These concepts are important in vegetation impact assessments 
and can be related to human activities and disturbance. 
There are a range of human activities that disturb and degrade the ecological 
integrity of natural ecosystems (Maun, 1998; Lesica & Cooper, 1999; Catto, 2002; 
Keighery et al. , 2002). Human impacts are generally well known and some examples have 
been provided in the previous section. Development and increasing populations (and their 
mobility) relate directly to a reduction in biodiversity (Doherty et al. , 2000). This was 
formerly recognised in The Convention on Biological Diversity of 1992 prior to the UN 
Conference on Environment and Development. In Australia the 1996 National Strategy for 
the Conservation of Australia's Biological Diversity followed the national BSD 
(Ecologically Sustainable Development) policy of 1992 and is now supported by the 
Environment Protection and Biodiversity Conservation Act 1999 (Conacher & Conacher, 
2000). 
Human disturbance is usually related to either development or recreational 
activities. Examples of development include land clearance, mining, logging and other 
extractive industries. Examples of recreational impacts include tourism, camping, four­
wheel driving and hiking. Both lead to fragmentation and destruction of native habitat and 
species, weed and pest incursions, pathogen spread and altered fire regimes (Doherty et al. , 
2000; Mackey & Cun-ie, 2000). These impacts generate a need for effective and reliable 
methods for environmental impact analysis (Goyal & Deshpande, 2001; EPA, 2002; EPA, 
2002c). Impact assessment can be either prior to development, after a pollution event, or to 
identify historical impacts that have arisen over time. There are a range of techniques for 
assessment and measurement to describe and/or predict environmental condition and 
change. Physical and chemical field based surveys, historical comparisons, desk-top 
studies and aerial and satellite photographic analyses are popular. Agenda 21 identified the 
need for indicators of sustainable development for use in decision-making, but those that 
have been developed for coastal environments are not easy to apply in environmental 
assessment (George, 1999). However, in many instances there are no set baseline criteria 
or a standard methodology for assessment of environmental impacts (Osenberg & Schmitt, 
1996; Lawrence, 2001). This is a scenario faced by responsible agencies in many countries 
(Appiah-Opoku, 2001; Ortega-Rubio et al. , 2001; Simpson, 2001; Steinemann, 2001). 
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Often assessments have to rely on local knowledge and expertise, or are subjectively and 
qualitatively based (Goyal & Deshpande, 2001; Steinemann, 2001; Joao, 2002). 
In Western Australia, the Environmental Protection Authority (EPA) has and is 
developing a range of general position and guidance statements for development 
proponents to follow (Thomas, 2001; EPA, 2002c ; EPA, 2003a). Whilst the guidance 
statements will also assist scientists collecting and interpreting data, government agencies, 
planners and the general community (EPA, 2003b), standard procedures for existing 
historical impact assessments are non-existent and reporting has generally been descriptive 
rather than providing an analysis of impacts. Neither have they provided indicators for 
monitoring disturbance levels and ongoing pressures and hence, are inadequate for 
managing a resource. The ideal method for assessing impact is BACI (before - after 
control - impact) studies, where data is gathered on a site prior to an impact, and then 
compared to control data for that site after the change. However, the baseline pre-impact 
data for the BACI method is usually unavailable. For historical impact assessments 
without pre-existing data, studies rely on control sites for comparative analysis. This 
method has difficulties due to spatial variability, for example different site factors such as 
soil type, and is likely to have problems with the complex ecosystem patters involved, but 
is appropriate or the only alternative approach given the available data. This study 
compared control and impact sites of coastal vegetation using the ordination technique 
termed gradient analysis. 
1.3 Gradient Analysis 
Vegetation analysis can be defined as the application of explicit numerical 
techniques to a data matrix composed of vegetation, plus other biotic and/or environmental 
variables recorded by sites (Austin, 1987). A traditional approach to vegetation studies is 
through classification of plant communities into community types, associations or units 
(Whittaker, 1967; Kershaw & Looney, 1985; Kent & Coker, 1992). In earlier studies it 
was generally taken for granted that vegetation consisted of the community units. These 
were assumed to be discreet well-defined natural units that generally contacted one another 
along naffow boun(Jaries {Whittaker, 1967). This approach is still common practice in 
CUffent field surveys that are used to support land management decisions. These surveys 
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determine and classify community units and then rep01t these by dominant plant species 
supported by maps with linear boundaries between individual community units. The 
concept of arranging or classifying community units is a convenient and useful method for 
management planning and conservation assessment (Kershaw & Looney, 1985). More 
recently ordination methods of vegetation analysis have emerged as a different approach to 
clustering or classification methods. Ordination attempts to understand and interpret the 
continuous variation in vegetation communities and is now seen as a more appropriate 
method of analysis. Ordination means 'to set in order' and was introduced by Goodall 
(1954) and stems originally from the. German 'Ordnung' used by Ramensky in 1930 (or the 
Latin ordinatio) to describe this approach (in Jongman et al. , 1995; Legendre & Legendre, 
1998). This alternative refers to the representation of sites as points along one or more axes 
of reference. It has been proposed by Jongman et al. (1995) that traditional exploratory 
data analysis methods such as simple ordination and cluster analysis are now not sufficient 
for environmental impact studies. Simple ordination means ordering of sites based purely 
on floristics or species composition. Due to natural variation, these methods may fail to 
detect the effect of an impact variable. Therefore they have proposed that the ordination 
method of gradient analysis is more appropriate to detect effects at the community level 
(Jongman et al., 1995). 
Gradient analysis was introduced by R. H. Whittaker in his 1967 paper 'Gradient 
Analysis of Vegetation' and explores the relationship between biotic (in this case 
vegetation) and abiotic (environmental) variable� (Jongman et al., 1995). Gradient 
analyses has the following two methodologies: 1) Direct gradient analysis, this is used to 
display the variation of vegetation in relation to environmental factors by using 
environmental data to order the vegetation samples. 2) Indirect gradient analysis first 
examines variation within samples then compares summarised vegetation data to 
environmental data to detect possible environmental gradients (Kent & Coker, 1992). 
Certain plant ecologists favour indirect gradient analysis. It is widely used and, at times, 
considered more appropriate as plant ecologists are more often concerned with community 
structure then its relationship to the environment (Kent & Coker, 1992). Indirect gradient 
analysis has the advantage that species compositions are easy to determine. This compares 
to direct gradient analysis where it may be difficult to determine relationships due to the 
number and diversity of potential environmental variables, their exact condition and their 
singular or combined effect to biotic species. Also, the actual occunence of individual 
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species may be too unpredictable to discover the relationship to environmental conditions. 
In fact, although promoting methods of direct gradient analysis Jongman et al. (1995), 
postulate that species composition may therefore be a more informative indicator of 
environment than any set of measured environmental variables. 
There are a range of ordination techniques available, including gradient analysis, 
and the use of specific techniques varies between countries and schools of thought (Kent & 
Coker, 1992; Jongman et al., 1995; van Etten, 2002). Methods of applying gradient 
analysis, and the supporting software that have been developed are now becoming widely 
used in ecology (ter Braak, 1986; Palmer, 1993). In Australia, due to it's availability, the 
CSIRO's PATN software has been used regularly of the last ten years (Belbin, 1991). 
PATN uses, amongst other analyses, multidimensional scaling (MDS) and Bray-Curtis 
ordinations (Lunt & Morgan, 1999), and although PATN is not used in this study, Bray­
Curtis and similarity measures and MDS are incorporated within the PRIMER (Plymouth 
Routines in Multivariate Ecological Research) ordination program. Bray and Curtis or 
polar ordination was one of the first widely used methods of indirect ordination, it is still 
accepted as an efficient method (Kent & Coker, 1992). Eigenanalysis or eigenvector based 
ordinations are favoured by the Europeans and North Americans, particularly those which 
have been 'constrained' by environmental variables (ter Braak & Prentice 1988). 
Ordination axes are called eigenvectors - sets of values representing a point in multi­
dimensional space. Techniques include Correspondence Analysis (CA), this is an 
extension of the method of weighted averaging ii:itroduced by Curtis and McIntosh and 
used in the direct gradient analysis of �hittaker (1967; Kent & Coker, 1992) Weighted 
averaging results in a single ordination axis which positioned each sample along a species 
composition gradient. Current ordination methods, including CA, allow for multiple axes 
(multi-dimensional). Although two axes, or dimensions, are most commonly used. 
Detrended Correspondence Analysis was a modification to correct faults in CA, and 
Canonical ordinations (eg CCA) are designed to detect the patterns of vaiiation in the 
species data that can be explained 'best' by the observed environmental variables (Jongman 
et al., 1995). Results are a linear combination ('constrained') that show the relationship of 
the species variation and species to enVironmental variations. 
These methods of gradient analysis involve finding the axes ("latent" variables) in 
multi-dimensional space which best account for variation amongst samples (or species) 
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and are available within the CANOCO software package (ter Braak & Prentice, 1988; ter 
Braak & Smilauer, 1998). Cajo ter Braak, of The Netherlands, released the first version of 
CANOCO in 1985 as an extension of a previous program DECORANA, which was 
designed by M. 0. Hill in the 1970's (Jongman et al. , 1995). These constrained (or 
canonical) ordinations are in fact, examples of direct gradient analysis as axes are linear 
combinations of environmental variables (ter Braak & Prentice, 1988). Canonical 
Correspondence Analysis (CCA) can help ecologists unravel how a multitude of species 
simultaneously respond to external factors (ter Braak, 1987). CCA identifies major 
environmental gradients in ecological data-sets and how the analysis can focus on the 
effect of particular environmental variables by partialling out nuisance variation (pCCA). 
CCA can help determine multiple species response to external factors such as 
environmental variables (e.g. soils, topography) and management regimes using data from 
observational studies (ter Braak & Verdonschot, 1995). 
In this study, two contrasting approaches to gradient analysis are used, the direct 
gradient analysis method of CCA, and also non-metric multidimensional scaling (NMDS), 
an indirect gradient analysis method. NMDS ordination techniques present variables in 
multi-dimensional space and can be either distance based whereas DCA and CCA are 
eigenvector techniques. Distance-based ordinations aim to represent distances (typically 
dissimilarity measures) between all samples ( or species) in a reduced number of 
dimensions (usually 2-3) to the best degree possible. This type of ordination includes Polar 
Ordination (PO) and various types of metric and non-metric Multidimensional Scaling 
(MDS). NMDS is good at recovering gradtents of high beta (between habitat) diversity 
(Kent & Coker, 1992; Pyke, 1999). NMDS positions sites so that distances between points 
represent 'dissimilarities' with environmental gradients overlayed as vectors representing 
significant correlations with floristic gradients (Kent & Coker, 1992). NMDS is available 
in the PRIMER 5 software. This also consists of a wide range of univariate, graphical and 
multivariate routines for analysing the species/samples abundance (or biomass) matrices 
that arise in biological monitoring of environmental impact and more fundamental studies 
in community ecology, together with associated physico-chemical data. It has been used to 
analyse the environmental effects of oil spills, drilling mud disposal, sewage pollution etc 
on soft-sediment benthic assemblages, disturbance or climatic effects on coral reef 
composition or fish communities (Carr, 1997). NMDS typically uses dissimilarity 
measures of species data only. Other PRIMER routines such as ANOSIM, SIMPER, 
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BIOENV and RELATE will be used to interpret vegetation-environment relationships. It is 
proposed that the use of different methods should lend support to results and any 
conclusions drawn by reducing the possibility of interpretative en-or or en-or in data 
analysis. 
Gradient analysis has been used in a wide range of ecological studies, particularly 
in aquatic and riparian sciences (Faith, 1990; Syms, 1998; ter Braak & Smilauer, 1998; 
Desender & Maelfait, 1999; Mclninch & Garman, 2000). It has been used in forest 
community studies and for detecting urban landscape patterns. (Bowman, 1986; Reed et 
al. , 1993; le Brocque & Buckney, 1994; Ohmann & Spies, 1998; Mitchell et al. , 1999; 
Pyke, 1999; Luck & Wu, 2002; Ohmann & Gregory, 2002). It has also been applied in 
studies of urban bushland, heath communities, arid environments and mangrove 
communities (le Brocque & Buckney, 1994; Mitchell et al. , 1999; Dahdouh-Guebas et al. , 
2002; King & Buckney, 2002). Gradient analysis has also been used in human-induced 
impact assessment studies (Aan-estad & Aamlid, 1999; Sibley et al. , 2000; Cox et al. , 
2002). Importantly, a number of studies have described coastal vegetation and associated 
environmental gradients using these ordination techniques (Hellemaa, 1998; Diaz Bairndas 
et al. , 1999; Dahdouh-Guebas et al. , 2002; El-Ghani & Amer, 2003). However, from the 
literature, it appears that the use of gradient analysis to determine human impacts on 
ten-estrial coastal zones are much less common, especially at a local scale, with Hellemaa 
(1998), Henriques and Hay (1998), and El-Ghani (2003) the notable exceptions. 
El-Ghani and Amer (2003) used Detrended Con-espondence Analysis and Canonical 
Con-espondence Analysis to examine environmental relationships to species distribution in 
differing geomorphologic units on the south-west coast of the Gulf of Suez. They found 
that CCA positioned species and sites in relative positions along the most important 
ecological gradients and were able to relate environmental variables to vegetation pattern 
whilst allowing for 'micro-environment' conditions within the study area. They reported 
that impmtant environmental variables included organic matter and calcium carbonate but 
note also that for vegetation and soil factors DCA and CCA did not explain all of the 
variation by site data (variables) collected. Local topographic variations translated to high 
habitat heterogeneity and corresponding diversity. This may be of relevance to this study 
but at a reduced level. Hellemaa (1998) looked at succession in 28 remnant dune sites in 
Finland in order to understand the interrelated pressures affecting coastal dunes. Pressures 
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included tourism, trampling, erosion and sheep grazing and human dwellings. A range of 
vegetation and environmental data were collected. This study used PCA and Canonical 
Correlations Analysis (a by-product of CCA and similar to RDA, refer to Jongman et al., 
1995, p. 147). The analysis was to determine the significance of the environmental 
variables for the coastal dune ecological succession. Succession has been defined as the 
unidirectional change in the composition of an ecosystem as the available competing 
organisms and especially the plants respond to and modify the environment. This 
definition is now considered inadequate as ecosystems may be fluctuating between stable 
states in composition and condition (Pettit & Froend, 2001). For this study, succession is 
used to infer the change in vegetation and environmental conditions with distance from the 
coast. This principle will need to be applied in this study to remove some of the natural 
'noise' from data analysis and interpretation. Similarly Henriques and Hay (1998) studied 
plant communities and environmental characteristics on foredunes in south-eastern Brazil. 
Principle Components Analysis (PCA) using data from 110 quadrats revealed 3 distinct 
vegetation communities aligned with distance from the coast. These distances refer to 
natural succession but also evident were different patterns of species distribution within 
the communities. This also provided support for the rationale and for the analyses of data 
in this study, as landform units were identified and species patterns within these units were 
separated to determine variation in species composition. 
1.4 Study Rationale 
Although gradient analysis may be used to define a relationship between vegetation 
patterns and an environmental variable it does not necessarily indicate that the variable is 
responsible for that pattern. However examining the relationships between vegetation and 
a range of environmental factors should indicate those variables that may be important and 
help generate hypotheses regarding causation of observed patterns (van Etten, 2002). Site­
specific information on the response of plant communities to human disturbance is 
desirable for management decisions (Monz, 2002). Therefore this study fills a research 
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void, it applies gradient analysis in a local scale study of  coastal vegetation with the 
principal objective of dete1mining variation due to human activities that have occurred 
over a period of time. This method is used to delineate plant species responses to 
environmental gradients, such as landform, salinity and distance from coast, as opposed to 
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human-induced impacts such as soil compaction, clearing and weed species invasion. 
Spatial heterogeneity within ecosystems is not the result of some random process 
(Legendre & Legendre, 1998). Therefore it is necessary to study this variability to 
understand spatial structuring. Knowledge of the environmental factors that favour species 
is an important method used to understand spatial relationships and can guide the 
management of protected areas and other environments (Clark et al., 1999; Hutchinson et 
al. , 1999). 
The landscape is a dynamic space, environmental and spatial relationships are 
constantly redefined, and human activity, even when it comes down to a key 
environmental factor, is often the most important force driving changes (de Bois et al., 
2002). The study area of Wedge, Western Australia (Figure 1) was selected as it provides 
an opportunity to assess the value of gradient analysis for a local scale coastal vegetation 
study in an area subject to increasing pressures. That humans disturb the environment is 
understood. Understanding and separating natural variation, and in this case natural coastal 
vegetation succession, and human-induced variation is more difficult. 
To recap, pressures are increasing on coastal zones. This establishes an urgent 
requirement for effective methods to assess, understand and mitigate these pressures. The 
main objective of this study was to use gradient analysis to separate human-induced 
impacts from natural variation in coastal vegetation. The specific aims are to: 
1) Delineate and describe patterns in species composition within the Wedge 
Reserve and relate these to existing successional and geomorphic gradients; 
2) Separate patterns in species composition between natural gradients from 
patterns that may be attributed to disturbance and use this variation to infer 
causal effect of human impact; 
3) Review on the effectiveness of gradient analysis as a tool for assessment, and 
if effective provide recommendations to coastal managers. 
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Figure 1 :  Wedge location map 
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Chapter 2 - Study Site and Methods 
2.1 Study Site 
Wedge is located on the coast approximately 150kms north of Perth and 
25kms north of Lancelin (Figure 1). Wedge is part of the Swan Coastal Plain or the 
Swan Interim Biogeographic Region of Australia (IBRA) (Beard, 1981; Thackway & 
Cresswell, 1995). 
2.1.1 Wedge Management 
Wedge is located within the Shire of Dandaragan but is an unvested, 
unclassified reserve of 213ha (CALM Reserve 43283: Figures 1 & 2). It therefore 
becomes part of the Department of Conservation and Land Management (CALM) 
estate for management purposes. The cultural history of the site has been established 
and a native title claim was registered by the Yued group (WC97/17) in 1999 (CALM, 
2000). Wedge is located in the Central Coast region (also refetTed to as the Turquoise 
Coast) and is subject to various state government strategies, policies and management 
regimes including: 
• Wedge and Grey Master Plan 2000 (CALM, 2000); 
• Nambung National Park Management Plan 1998 - 2008 (CALM, 1998); 
• The Central Coast Regional Strategy (W APC, 1996); 
• The Turquoise Coast Island Nature Reserves Draft Management Plan 2000 
(CALM, 2001); 
• State Government Squatter Policy (W APC, 2001 c); 
• Juri�n Bay Marine Park (announced September 2003). 
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The entire coastal zone of the south-west of Western Australia is within a few 
hours drive of Perth and other major urban centres. Therefore this zone is susceptible 
to impact from the pressures discussed in the Introduction and particularly for tourism 
and recreation activities. For example, Priskin (2003) found that from 1965 to 1998 
the amount of 4WD tracks within the Central Coast region increased by 57% from 
516.5km to 8 12.9km and access points to the beach increased by 1 16% from 421 to 
908. Western Australia's south-west is already well populated and this pushes people 
to look for alternatives to achieve the 'weekend getaway' or that favourite of 
Australians, the coastal camping experience. Perth urban dwellers are now looking 
north. Local councils north of Perth have noticed this change of focus. The Shire of 
Dandaragan has a Coastal Management Plan that attempts to address coastal problems 
and the Shire of Gingin released their Caravan and Camping Regulations in 1997 to 
alleviate increasing impacts to coastal areas within the shire. Camping regulations are 
now being enforced more stringently with notices recently placed in local towns 
advising of fines to $5,000 for infringements. These management plans are effective 
within their own jurisdictions, however, they can simply result in a relocation of a 
problem by pushing people to the next alternative. One major alternative, as far as 
coastal holiday destinations north of Perth are concerned, is Wedge. 
This area of the Western Australian coast has relatively low levels of human 
habitation. For example, as at 1996, Dandaragari Shire had a population of 2,584 and 
Gingin Shire a population of 3,482 for a combined coastline of more than a hundred 
kilometres (MfP, 2000; Priskin, 2003). However, coastal areas adjacent to Perth are 
expected to record significant population gains and Gingin and Dandaragan shire 
populations are expected to more than double by 2016 (SOE, 1998 ; MfP, 2000; SOE, 
2001). This is due to Western Australia's increasing population: 1.8 million in 1996, 
2.0 million estimated by 2004 and increasing to 2.9 million by 2031.. Higher city and 
local populations in conjunction with the proposed construction of the Lancelin to 
Cervantes section of Indian Ocean Drive in 2006 will result in increased resident 
numbers and especially in holiday and tourist pressures to specific popular coastal 
locations such as Wedge (CALM, 2000; HGM, 2000). 
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Figure 2 :  Wedge Reserve (Source : CALM, 2000) 
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Wedge has been the site of a coastal shack settlement since the l 950's 
(CALM, 2000) . However, existing Western Australian government policy requires the 
removal of shack settlements from Crown Land (W APC, 2001 ). Th is is in conflict 
with the Australian psyche that underpins open access to our coasts and beaches . 
Harvey and Caton (2003) comment that, in no uncertain terms, the significance of 
recreational use of coastal lands in Australia should not be underestimated. There are 
approximately 370 shacks at Wedge, the photographs below give an indication the 
degree of settlement and the typical surrounding vegetation . 
Photos 2 & 3 :  Wedge shacks 
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2.1.2 Wedge Physical Environment 
Wedge experiences a climate of hot, dry summers and cool, wet winters with a 
moderately reliable winter rainfall. Annual average rainfall is 600mm and falls 
principally between May and September. The average maximum temperature is 
30.5°C, the mean minimum is 9°C (CALM, 2000). Winds are from the south to south­
west for about 60% of the year. In summer hot east to south-east moderate strength 
winds predominate in the morning and strong south to south-west wind in the 
afternoon. This is a dominant feature for coastal vegetation in this area and results in 
wind pruning, salt deposition, sand movement and dune mobility within the reserve. 
Wedge is a large sand spit that extends towards near-shore reefs (Photo 1). It is 
part of the Swan Coastal Plain which is composed of sediments laid down by a 
receding sea. Soils within the reserve are predominantly Holocene in origin and are 
composed of calcareous sands (Safety Bay Sand) classified as Quindalup dunes. Dune 
soils are composed of mainly of quartz and carbonate with high alkalinity due to the 
high C03 content. The dunes overlie Tamala Limestone which is mostly aeolian 
calcarinite originally composed of calcareous and siliceous sands which was 
deposited in the late Pleistocene (Griffin, 1993). The foredune complex at Wedge runs 
parallel to the beach on both the south and north sides of the point. On the south side 
the beach widens toward the point and dunes are highest (to 6m). On the north side, 
the beach and part of the lower (2-3m) primary dunes are periodically washed out by 
storms combined with high tides. According to the CALM (2000) Masterplan this 
area has a dynamic, possibly eroding foreshore on the north, where the primary dune 
is alternatively built and eliminated seasonally or by storm seas and an accreting 
foreshore on the south. Locals have advised that a tombolo (sand spit) builds up from 
the point and extends to Wedge Island on a cycle of every 7 to 10 years. 
The point itself is almost surrounded by unvegetated unstable mobile dunes 
(see Photo 1). The landforin is varied with dune ridges and swales, slopes are usually 
moderate apart from the southern foredune and the whole area is relatively exposed. 
East of the foredunes is a seasonally and tidally inundated area. This area has largely 
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been overrun with Juncus acutus, an introduced reed. The southern dunes originate as 
beach deposits on the coastline and then are blown inland in the form of irregular, 
longitudinal and sometimes parabolic ridges (CALM, 2000). These secondary dune 
ridges are aligned generally in a north-south direction and extend inland at a low 
angle. The Quindalup dune formations accumulated during several phases of activity 
with the movement or transgression possibly correlated to different wind regimes 
during the Holocene (Semeniuk et al., 1989; Griffin, 1993). These form a complex 
pattern of ridges, interdune areas or swales, sand sheets and extensive ripped/eroded 
surfaces resulting from the movement of the dunes. The component sands are 
predominantly loose, free draining and very low in nutrients (Griffin, 1993; Griffin, 
1994; DoD, 2001). Griffin (1993) measured particle size and carbonate mineral 
composition on Quindalup dunes between the Swan and Irwin Rivers, Western 
Australia, and found that dune sand particle size and soil development varied 
considerably but soils were high to very high in carbonates, with those further inland 
having a reduced level of C03 . Soils are typically alkaline with pH values recorded 
between 7.5 and 9.5 depending on location and method of analysis. The majority of 
the soils little or no development except for variable amounts of organic matter 
(Griffin, 1993). 
Semeniuk et al. (1989) maintain that the Quindalup dunes represent a wide 
range of small scale geomorphic units, each of which has a distinct relief, slope, soil 
cover and location with respect to local climate ·and sea effects. This creates a high 
degree of variability even within similar landforms in the same system (Schembri, 
1997; HGM, 2000; Burke, 2001; Foster et al., 2002). These dunes represent the most 
sensitive area to erosion and land instability and accordingly are most susceptible to 
degradation. The calcareous sands of these dunes are very susceptible to 
remobilisation where the vegetation has been removed (DoD, 2001). Disturbance has 
been predominantly by human activities as no large fires have been recorded in recent 
history within the Wedge Reserve. J;rom anecdotal evidence there have been small, 
localised fires within the shack settlement area covering up to a hectare, principally 
due to sparks from diesel generator exhausts (pers comm., 2003a). 
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2.1.3 Wedge Vegetation 
Beard (1977; 1981) mapped the vegetation of the Lancelin to Cervantes area 
but these classes are at a broad scale and not at adequate resolution for this study. 
Griffin (1993; 1994) and Gibson et al. (1994) have also conducted studies in the 
n01thern sandplains of the Swan Coastal Plain. Griffin's (1993) study was based on 
the flora of the Quindalup dunes between the Swan (Perth) and Irwin (300km north) 
rivers. This study reviewed previous work and recognised that beaches had distinctly 
different vegetation, usually Spinifex longilfolius or S. hirsutus and Cakile maritima 
and few other species. Scaevola crassifolia, Myoporum insulare and Olearia axillaris 
dominated dunes close to the coast. Older dunes were said to have either low heath or 
scrub of Melaleuca acerosa (now M. systena) and Acacia spp. Pelham (1983) 
supported this natural succession from beach to inland in a study of parabolic dunes 
south of Dongara (near Irwin River). Pelham recognised several phases from initial 
colonisation by herbs and low shrubs (eg Calocephalus brownii, now Leucophyta 
brownii) to a shrubland of Allocasuarina lehmanniana to a low heath of Melaleuca 
systena (Pelham, 1983 in Griffin, 1993). 
Halpern Glick and Maunsell (HGM, 2000) conducted a biological survey for 
the proposed coastal road between Lancelin and Cervantes for Main Roads Western 
Australia. This included seventeen 100m2 qll_adrats, two spot collection locations and 
some opportunistic sampling within the Wedge Reserve. For Wedge the HGM (2000) 
survey identified six Quindalup vegetation community types plus 'sheets' for the large 
surrounding unconsolidated and mobile dunes which occur outside the Wedge 
Reserve. This is similar to the broad groupings by Griffin (1993). 
Incipient foredunes: 
I .  Scaevola crassifolia - Olearia axillaris - Leucophyta brownii dwarf scrub. 
Foredunes: 
1. Scaevola crcissifolia - Myoporum insulare Olearia axillaris heath. 
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Young inland dunes and deflation plains: 
1 Sedglands; 
2 Acacia cyclops scrub over Olearia axillaris - Scaevola crassifolia dwatf 
scrub; 
3 Allocasuarina lehmanniana - Acacia cyclops scrub over Olearia axillaris -
Acacia truncata dwarf scrub; 
4 Mixed scrub on dune edges; 
A separate classification was used for 'disturbed vegetation'. This was mapped 
as most of the shack settlement area (HGM, 2000 Figure 4.la, p.35) and therefore 
escaped the need for a true classification. This survey identified fifty-eight flowering 
plant taxa within the Reserve. Dominant genera were Poaceae (7 taxa), Asteraceae (6 
taxa) and Chenopodiaceae (5 taxa). This reflects the comment by Griffin (1993) that 
the Holocene sands have a relatively low species richness which reflects a low level 
of sympatry (co-occurrence of taxa) for the same genus. 
2.2 Study Design 
Direct and indirect gradient analysis wa� used for a between control and 
impact site study for an assessment of vegetation variation due to human induced 
disturbance. Surveys of undisturbed areas were undertaken to provide controls and for 
comparative analysis to areas with varying degrees of impact. For field sampling, the 
reserve was divided into north and south sections. Two primary zones were identified 
in each section within the reserve: 1) Control - a zone with minimal (or least) 
disturbance, rarely used apati from a few beach walk tracks. These were towards the 
south-eastern and n01ihern outer boundaries of the reserve; and, 2) Impact - the 
western area closer to Wedge point subject to disturbance (Figure 3). Criteria for 
establishing these zones was based on areas within and outside of, the shack 
settlement itself. On the south side of the promontory there was a clear delineation 
between a shack, and no shack zone. For the north, this was more problematic, shacks 
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have been built almost to the north extremity of the Reserve and within several 
hundred metres of large mobile dune sheets. For the north control zone, transects were 
located as far north as possible to minimise shack settlement effect. 
Figure 3 :  Wedge Reserve - Control and Impact zones 
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Transects were located randomly within zones. Plots of 1 00m2 ( 1  Orn x 1 Orn) 
were randomly stratified along transects but with in identified land.form units 
corresponding to previous local studies on the Swan Coastal Plain (Griffin, 1 993; 
Griffin, 1 994; HGM, 2000) . This plot size is an internationally accepted standard for 
this shrubland vegetation type (USGS, 2000) . Quadrats were randomly sited within 
pre-defined (a priori) landform units along transects to more efficiently sample 
vegetation variation. Landform units were defined during pilot study site visits as : 1 )  
foredune; 2) top of foredune; 3 )  swale ; 4) secondary dune; and 5) flat or deflation 
plain. This classification was based on topographical features of height and distance 
from the coast and accepted ecological coastal succession (Hellemaa, 1 998). 
Landform units were slightly modified for analys is (refer to Section 2 .3 .2 and Chapter 
3) .  Transects were located perpendicular to the coast starting from the frrst coastal 
vegetation and extended to inc lude all landform units within the reserve boundary. 
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Belt transects of 30m width were used to allow for horizontal relocation of quadrats if 
original plot site was impeded by a shack or other construction (for the reason that the 
study is on vegetation not human constructions per se). Six transects with 8 plots were 
completed for both the north and south side of the Wedge point (ie 3 x controls and 3 
x impact transects). Control transects were located towards the north/south reserve 
boundaries (Figure 4). 
Figure 4: Transect/Plot locations North. 
(Red - Impact sites, White - Control sites) 
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Figure 5 :  Transect/Plot locations South. 
(Red - Impact sites, White - Control sites) 
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2.3 Field Sampling 
2.3.1 Vegetation Data 
All data were collected between May and September 2003. Within each 100m2 
plot percentage cover and dominance using the DAFOR scale (D-dominant, A­
Abundant, F-Frequent, 0-0ccasional, R-Rare) (Fowler et al., 1998) were measured 
for all plant species present. Height of strata, structural class (Keighery, 1994) and 
vegetation condition (Keighery, 1994) were also measured. Vegetation samples were 
collected for identification to species level and for CALM Herbarium licence (No. 
SW008206) requirements. 
2.3.2 Environmental Data 
For each plot, the geographic (UTM) location was identified with a Magellan 
320 GPS (AMG - AUS84), and the distance from start of vegetation to plot location 
(how far inland) was measured. Slope and aspect were determined by clinometer and 
compass respectively. A Humboldt penetrometer (kg/cm2) was used in 5 random 
locations within each plot and results averaged for a plot soil compaction record. An 
infiltration rate was determined by timing the rate that 0.51 drained from a 100mm 
PVC pipe through to the soil in 5 random locations per plot and then averaged. The 
top 5cm of soil was collected from 5 random locations within in each quadrat and 
bulked for analysis, one soil sample was taken at 50cm depth from the centre of each 
plot for analysis and to check for variations in the soil profile. Topsoil was collected 
to test for pH, conductivity, organic carbon content and carbonate percent. Soil at 
50cm depth was collected for pH and conductivity measures only. 
Landform units were determined for ordination analysis and comparisons to 
theHGM (2000) study. This was recorded as a nominal scale of 1-6 for data analysis 
(1 - foredune, 2 - .primary dune, 3 - swale, 4 - secondary dune, 5 - flat or plain, 6 -
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tertiary dune). For each plot, the percentage of bare ground, percent litter cover and 
percentage (ratio) of live to dead vegetation data was estimated. 
2.4 Flora Identification 
Flora samples were identified using: 
• Plants of the Perth Coast and Islands (Rippey & Rowland, 1995); 
• The Bushland Plants of Kings Park, Western Australia (Bennett & Dundas, 
1988); 
• Flora of the Perth Region, Parts 1 and 2 (Marchant et al. , 1987); 
e How to know Western Australian Wildflowers, Parts I-IV (Grieve & Blackall, 
1982); 
• Western Weeds: A guide to the weeds of Western Australia (Hussey et al. , 
1997); 
• Department of Conservation and Land Management, Western Australia 
(CALM) Florabase and specimens stored at the Western Australian 
Herbarium, Kensington (Western Australian Herbarium, 2003). 
Taxonomy and nomenclature were based on the Department of Conservation 
and Land Management most recent online Florabase records (Western Australian 
Herbarium, 2003). 
2.5 Laboratory Analysis 
Topsoil (to 5cm) and soil at 50cm were stored in plastic bags and air dried in 
the laboratory. Several samples were wet (rain) or saturated (groundwater at <50cm) 
on collection arid, ·due to time constraints, were not completely dry at the time of 
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analysis. These plot samples are identified in Appendix B. All soil used for analysis 
were 10g, sieved with 2mm mesh. Soil electrical conductivity (µS m-1) and pH were 
determined for topsoil and soil at 50cm depth for each plot using a 1:5 soil/water 
extract as per the Australian Soil and Land Survey Handbook (Rayment & Higginson, 
1992). Measurements were taken by Winlab® Data-Line Conductivity and pH meters. 
These meters have auto-correction for measurements not at the standard 25°C. 
Moisture content was determined by oven drying soil samples at 105°C but not used 
in analysis due to sample moisture variability as mentioned above. However, from the 
oven dry samples total soil organic matter was estimated by the loss-on-ignition (LOI) 
procedure. As techniques for LOI vary considerably, the method used in this study is 
comparable and falls within accepted parameters described in soil analysis handbooks 
(Rayment & Higginson, 1992; Rowell, 1994; S&PAC, 2000). Samples were 'ashed' at 
550°C overnight and weighed for an estimation organic carbon. The soil was returned 
to the furnace for 3 hours at 950°C and reweighed for an estimation of carbonate 
content (S&P AC, 2000). 
Two issues or problems were experienced during this study. Firstly, one series 
of pH measurements were higher than all others (Plots Nc2-3 to Nc3-8, see Appendix 
B). There was no immediate explanation for this and the difference with other sites 
was not statistically significant. During LOI at 950°C for C03 , the crucible base 
weight increased after each series in the furnace. This is possibly some silica based 
compound or other minerals 'melting' onto tffe .crucible bottom (silica's melting point 
is >950°C, approximately 1400°C). This did not effect results as crucibles were re­
weighed for each series of LOI. A random sample of 34 crucibles returned an average 
increase in weight per crucible of less than 0.1 % (0.107%) or 0.02g. 
2.6 Data Analysis 
All data was analysed for all plots and for between control and impact sites. 
Preliminary exploratory analysis in MS Excel included correlation matrices on 
percentage cover and dominance scale data for all plots. T-Test of percentage cover 
between control and impact sites. Scatter diagrams and regression (trend) graphs of 
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compaction, infiltration, pH, conductivity, LOI data and average number of native 
· species to weed species. per plot were compiled for each transect to check for trends. 
From preliminary analysis, sites separated into two generally distinct floristic patterns, 
therefore subsequent analysis was by Control/Impact by for; 1) all sites (n = 96), 2) 
Landform Type 1 (Landform units 1 and 2, n = 24), and 3) Landform Type 2 
(Landform units 3-6, n = 72). 
Landform type 1 Landform type 2 
1 . Foredune 3. Swale 5. Flat or plain area 
2. Primary dune 4. Secondary dune 6. Tertiary dune 
Gradient analysis was based on plant species percentage cover and 19  
'environmental ' variables (Table 1 ) .  Percentage cover scores less than 1 % were 
increased to 1 % and all data was square root transformed to reduce over-emphasis of 
dominant species. Aspect was also converted to a degree of 'northness' using the 
cosine of the angle as many analyses do not handle the circular nature of aspect data 
(van Etten, 2002). Times ( 'seconds' component) for infiltration rates were converted to 
a decimal scale. As there were no extreme 'outliers all 96 sites were included for 
subsequent analysis .  Several variables collecfe'd proved redundant after initial analysis 
and were not included in the gradient analysis. These included dominance (DAFOR 
scale) as percentage cover was a better indicator of species composition, species 
condition and percentage live and dead for each species were also recorded and used 
for interpretation but was not analysed. 
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# Code 
1 Native sp. 
2 Weeds 
3 C-I 
4 Landform 
5 Mtrs 
6 'pH-Top 
7 'pH-50 
8 EC-Top 
9 EC-50 
10 Org-C 
1 1  C03 
12  Bare Grnd 
1 3  Live Veg 
14  Dead Veg 
15  Litter 
1 6  Slope 
17 Aspect Cos 
1 8  Infiltr 
1 9  Compact 
Table 1 :  Environmental variables used for analysis. 
Description 
Number of native species in each plot 
Number of weed species in each plot 
Control or Impact Site 
Dune/Swale/Flat (see above) 
Distance from beach/start of transect to plot site 
pH for soil from top 5cm for each plot 
pH for soil from a depth of 50cm for each plot 
Conductivity for soil from the top 5cm 
Conductivity for soil from a depth of 50cm 
Organic Carbon - from loss on ignition (LOI550) method 
Carbonate - from LOI at 950°C 
Bare ground - percentage estimate (infield) 
Live vegetation - percentage estimate (infield) 
Dead vegetation - percentage estimate (infield) 
Percentage estimate (infield) 
In degrees measured by clinometer 
Aspect as measured by compass, cosine transformed 
Infiltration rate - time for 0 .51  drain through 100mm pipe 
Seconds were transformed to a decimal for analysis 
ComEaction as measured by penetrometer 
Value 
# 
# 
O or 1 
1 to 6 
Metres 
PH 
PH 
µS m" 1 
µS m" 1 
% wt 
% wt 
% 
% 
% 
% 
Deg 
-1 to I 
time 
kg/cm2 
Principal analysis for this project was by ordination using CANOCO for 
Windows, Software for Canonical Community Ordination (Version 4) (ter Braak & 
Smilauer, 1 998), and PRIMER 5 fpr Windows (Plymouth Routines In Multivariate 
Ecological Research - VS.2. 1 )  (Carr, 1 99'() .  Data were interpreted using CANOCO's 
Detrended Correspondence Analysis (DC�):1;m� Canonical Correspondence Analysis 
(CCA) . Partial CCA (pCCA) was also us6d, this eliminates certain variables 
(covariables) to allow analysis of subsets of data. PRIMERs non-metric multi­
dimensional scaling (MDS), ANOSIM, SIMPER, RELATE and BIOENV analysis 
were also used. 
2.6. 1  Primer 
The following analysis was completed for all sites (n = 96), and then repeated 
for Landform Types 1 (Landform units/Plots 1 -2, N = 24) and Landform Type 2 
(Landform units �·-:6/Plots 3-8 ,  n = 72). 
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Analysis was based on a between samples Bray-Curtis similarity matrix of 
square root transformed, non-standardised percentage cover data. Non-metric MDS 
was used to display the (dis)similarities in ordination space. Factors for 
control/impacts sites and landform units were separately applied to produce two 
diagrams. A one-way ANOSIM with Factor 0/1 (for control/impact site) was run for 
an analysis of similarities or similarities/differences between groups. SIMPER with 
Factor 0/1 (for control/impact site) was used on percentage cover data to give an 
average similarity for each species and this examines the contribution of each species 
to the average Bray-Curtis dissimilarity between and within groups of sites. RELATE 
used a Spearman's rank correlation to test for a relation between similarity matrices of 
percentage cover and the environmental variables. BIOENV used a Spearman's rank 
correlation between a similarity matrix of cover data and the environmental data 
(Carr, 1997). Environmental data were standardised and measured by euclidean 
distance, BIOENV considers environmental variables individually. 
2.6.2 Canoco 
This study uses CANOCO Version 4.0 which was released in 1998. There is a 
more recent version (V4.5, released in 2002), however this was not available. 
Detrended Correspondence Analysis (DCA) was run on square root transformed 
percentage cover data to check the length of gradient (which supported a unimodal 
response). CCA was run based on inter-sample distances with biplot scaling, no 
forward selection, both Monte Carlo permutation tests and unrestricted permutations. 
The above analysis was completed for all sites (n = 96). Then repeated using pCCA 
with two environmental variables, landform and metres, removed to eliminate the 
beach to inland successional nature of coast�l vegetation for; Landform Types 1 
(Landform units/Plots 1-2, n = 24) and Landform Type 2 (Landform units 3-6/Plots 3-
8, n = 72). 
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Chapter 3 - Results 
3.1 General Floristic Patterns 
In Wedge Reserve, impact sites have lower diversity than control sites, the variation 
was statistically highly significant (t-test df =94, t = 3.67, p < 0.001). Control sites (16.04 
+/-4.21SD) had greater average species richness than impact sites (13.42 +/-3.49SD) and 
that native species richness was negatively correlated to weed species richness (-0.31). 
Average abundance for all sites was 14.73 (+/-4.07SD). However, impact sites have an 
average 30% greater vegetation cover. Average percentage bare ground relates to average 
percent cover and impact sites have half (16%) that of control sites (31 %). More weed 
species (30%) were recorded in impact than control sites. 
A total of 73 vascular flora species were recorded in the study plots (Appendix A). A 
further 9 taxa were noted but were not within the sample plots and therefore not included 
for analysis. Of the 73 species, 48 were natives and 25 non-native species. There were no 
Declared Rare Flora collected but there were five small groups of Terracina euphorbia 
which is a CALM priority plant (PP). Juncus acutus, a non-native species, has also 
invaded large areas of low-lying land within the settlement area. Foredunes are 
characterised by dune grasses, mainly the introduced sea wheat Thinopyrum distichum, 
Cakile maritima with Carpobrotus virescens and Tetragonia decumbens. The south dunes 
have a 'ridge' of Atriplex isatidea at the ptimary dune peak, and all primary dunes support 
Myoporum insulare, Threlkeldia dif.fusa and Rhagodia baccata. Low shrubs or heath exist 
behind the south primary dunes, whilst shacks along the north dunes appear to act as 
windbreaks and allow Acacia cyclops and Myoporum insulare plants to grow to heights of 
approximately four metres. 
Poaceae (4 natives, 9 non-native), Asteraceae (5 natives, 5 non-native), 
Chenopodiaceae, (4 natives), Cyperaceae (4 natives) and Epacridaceae (3 natives) were the 
most species rich families. Scaevola crassifolia dominated percentage cover values for 
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both north and south plots. Also dominant were Acacia eye/ops, Myoporum insulare, 
Rhagodia baccata, Olearia axillaris, Spyridium globulosum, Exocarpos Sp. and 
Carpobrotus virescens. Other cover dominant species include Sporobolus virginicus, the 
non-natives Tetragonia decumbens, Trachyandra divaricata and the introduced grasses 
Thinopyrum distichum and Bromus diandrus, with Ehrharta villosa, Avena barbata and 
Lagurus ovatus dominant in patches. Several of the grass species were difficult to separate 
early in the sampling period as they were not yet flowering. Next dominant were the 
native sedges Isolepis nodosa and Lepidosperma gladiatum and the introduced reed Juncus 
acutus which is widespread in the low-lying flats of central Wedge. Capeweed, Arctotheca 
calendula, also has high cover values for disturbed areas. The southerly section of the 
northern primary dunes were undercut and washed out by early winter storms prior to the 
commencement of sampling (Photos 4 & 5). These storms removed the section of foredune 
with that consisted mainly of T distichum, this event resulted in lower or nil percentage 
cover for T distichum in several northern beachside plots in the impact zone. 
Photo 4: Northern dunes prior to storms. Photo 5: Northern dunes after storms. 
Due to the high percentage of exotic species found (28 from a total of73 taxa) the 
simple line graph below (Figure 6) illustrates the distribution within and between control 
and impact sites. The native to weed species totals and ratios indicate reduced diversity for 
impact (ie more homogenous) sites and reduced native species numbers (species richness), 
with a concurrent slight rise in weed species abundance. 
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Figure 6 :  Average number of native species and weed species per plot. 
(x axis = plot numbers) 
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Regression analysis gave several general trends for environmental variables based on 
distance from the coast. Distance from the coast and C03 had a sl ight correlation of 0 .4 1  (p 
< 0.05 , n = 96). This may be explained by the inverse relationship (Metres increases 
inland, C03 decreases inland). Compaction and organic carbon content increased from 
beach to in land and the C03 and conductivity of topsoi l decreased. Trends for infiltration, 
bare ground, conductivity at 50cm did not show a linear relationship with distance from 
the coast. The pH at 50cm depth showed a slight rise for inland control sites and the 
reverse for impact sites . The average pH for topsoil was 8 . 58  (+/-0 .33 SD) and 8 .77 (+/-
0.34SD) for pH at 50cm depth which concurs with Brown and McLachlan (1 990) who 
assert that dune soils may display increasing alkalinity at depth. All results for 
environmental variables are in Appendix B. 
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The following three sections outline gradient analysis results by: 1) over all plots (n 
= 96), 2) by Landform type 1 (n = 24), and then by 3) Landform type 2 (n = 72). 
3.2 Gradient Analysis for all Plots 
Average dissimilarity between control and impact sites as determined by SIMPER 
was 69.8%. This showed a reasonably high level of dissimilarity between control and 
impact sites and was supported by ANOSIM (R = 0.21, significance level = 0.1 %}. 
SIMPER results are at Table 1 and within groups similarity are at Appendix D. RELATE 
returned a sample statistic (Rho) of 0.423 (significance level = 0.1 % ). Average 
dissimilarities between landform units showed an increasing variation with distance from 
the coast as follows: Landform unit(LU) 1 to LU 2 = 67%, LU 1 to LU 3 = 75%, LU 1 to 
LU 4 = 77%, LU 1 to LU 5 = 84%, LU 1 to LU 6 = 81  %. 
Scaevola crassifolia was equally dominant for both control and impact sites (1 1.21 % 
to 1 1.58%, Table 2). However, this species also had the highest average dissimilarity 
( 4.29% ). This should be interpreted as S. crassifolia having an overall similar cover 
average for all plots, but that the distribution within control sites varied greatly from the 
distribution within the impact sites. A cyclops and M. insulare show a greater average 
cover for impact sites, whilst 0. axillaris and S. 'globulosum are the reverse. S. virginicus 
appears to strongly favour settlement sites, but this is simply due to its original distribution 
within the lowest flat areas that exist within the shack settlement zone. S. virginicus is in 
fact under pressure from Juncus acutus invasion and is no doubt less abundant than pre­
Juncus acutus days. Also of significance are several of the native species in the control 
sites: C. candicans, L. parvijlorus, A. lehmanniana, S. lautus, A. truncata, A. cordata, N. 
reticulata and 0. vaginata. These native species are sparse, or non-existent within the 
impact sites. The reverse holds true for syveral introduced species such as the grasses B. 
diandrus and E. villosa and the herb speties T. divaricata and A calendula. These weeds 
are all more dominant in impact sites. 
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Table 2: All sites dissimilarity (Diss) results between Group O (Control sites) and 
Group 1 (Impact sites) (SIMPER) . 
Species Group O Group 1 Av. Diss/ Contrib. Cum. % 
Av. Av. Diss SD % 
Abund. Abund. 
Scaevola crassifolia 1 1 .2 1  1 1 .5 8  4 .29 1 .24 6. 1 5  6 . 1 5  
Acacia cyclops 5 .77 1 1 .44 3 .80 1 .2 1  5 .44 1 1 .59  
Mvoporum insulare 3 . 1 0  9 .75 3 .26 1 .27 4.67 1 6.26 
Olearia axillaris 4 .7 1 1 . 1 5  2 .96 1 . 38  4 .24 20.50 
Spyridium globulosum 4 . 1 9  1 .3 3  2.70 1 . 3 1 3 . 87 24.38  
Sporobolus virgincus 2 . 65 8 .50 2.69 0 .67 3 . 86  28.24 
Exocarpus Sp.2 3 . 83  1 . 1 0  2 .59 1 .28 3 .7 1  3 1 . 94 
*Thinopyrum distichum 2.52 1 . 8 1  2 .58  0 .5 1 3 . 69 35 .63 
Carpobrotus virescens 2 . 85 1 .25 2.46 1 . 1 8  3 .53 39 . 1 6  
*Bromus diandrus 1 . 10 5 .94 2.43 1 .09 3 .48 42.64 
Cassvtha sp . l 0 .88 4.92 2 .26 1 . 1 6  3 .24 45 .89 
Rhagodia baccata 2 .58 4 .56 2.26 1 . 17 3 .24 49. 1 3  
Isolepis nodosa 3 .08 2.75 2.08 1 . 3 1  2 .98 52. 1 1  
*Trachyandra divaricata 0 .7 1 2 .42 1 . 8 8  1 .04 2.70 54 .80 
*Tetragonia decumbens 1 .54 0.56 1 .86 0 .62 2 .67 57.47 
*Juncus acutus 0.06 5 . 1 9  1 .59 0.46 2.28 59.75 
Lepidosperma gladiatum 1 . 10 2 .60 1 .53  0.72 2 . 1 9  6 1 .94 
Conostylis candicans 1 .65 0. 1 9  1 .49 0 .84 2. 14  64.08 
Threlkeldia diffusa 0.90 1 . 1 3 1 . 39 1 . 1 8  1 .99 66 .07 
Leucopogon parviflorus 1 .42 0 . 38  1 . 36  0.79 1 .95 68 .02 
* Arctotheca calendula 0 . 1 9  1 .25 1 .36  1 .07 1 . 95 69 .97 
*Lolium rigidum 0.88 0. 8 1  1 .27 0.95 1 . 82 7 1 .79 
Poa poiformis 0.75 0.83 1 .24 0.96 1 .7 8  73 .57 
*Crassula glomerata 0, 85 0 .27 1 .22 0.96 1 .75 75 .32 
Allocasuarina lehmanniana 1 .54 0.38 1 . 1 5  0.54 1 . 65 76 .98 
Senecio lautus 0 .58 0. 1 9  1 . 1 1  1 .06 1 .59 78.57 
Acacia truncata 1 .65 0.00 1 .09 0.54 1 .57 80. 14  
*Ehrhata villosa 0.00 3 .27 1 .02 0 .35 1 .47 8 1 . 6 1  
Spinifex longifolius 0.27 1 .56 1 .0 1  0 .55 1 .45 83 .06 
*Cakile maritima 0. 1 9  \ i 0.25 0 .83 0 .54 1 . 19 84.25 
Acrotriche cordata 1 . 1 5 . \ 0 . 1 3  0 .82 0.46 1 . 1 8  85 .43 
Atriplex isatidea 0 .38  0.2 1 0.74 0.4 1 1 . 07 86.49 
Sp.24 0.27 0.23 0.68 0.72 0.97 87.46 
Halosarcia indica 0.00 0.92 0 .60 0 .4 1 0 .86 88 .32 
Nemcia reticulata 0.52 0.00 0.54 0.45 0.77 89.09 
Opercularia vaginata 0.35 0.00 0 .53 0.59 0.76 89 .86 
Crassula colorata 0 .29 0.00 0.49 0 .56 0.70 90.56  
(Cut off a t  the 90% level) 
Indirect gradient analysis (non-metric multidimensional scaling) by simply colour 
coding sites for control/impact and landform delineated control and impact sites. These 
ordinations show clear .separation based on transformed percentage cover values and are a 
reflection of the difference in species cover values in Table 2 above (Figure 6), the 
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ordination diagram· shows plots sorted in relation to a landform sequence from beach to 
inland (left to right) . With disturbance inland from the coast the separation in sites 
becomes more enhanced suggesting greater floristic variability. This is shown by the 
widening of the plot's separation in ordination space, is highlighted on the ordination by 
landform unit diagram (Figure 7) and represents the between control - impact separation. 
A sequence of landforms occurs from left to right along the ordination diagram and 
represents the natural succession from plots closest to the beach (landform unit 1 ) ,  to 
landform unit 2, then to landform units 3, 4 and 6 .  Followed by landform unit 5 for the 
back flats of Wedge. Landform unit 6 (tertiary dune) is not separated out as these plots 
were on slight dune rises within the flat/plain back area of Wedge. These rises supported 
vegetation that correlates closely with plots on landform units 3-4 which were closer to the 
coast than plots for landform unit 5 .  
Although all correlation coefficients were relatively weak, which was supported by 
RELATE, BIOENV determined floristic gradients were most strongly related to 
conductivity at 50cm and native species richness, followed by distance from the coast and 
landform unit sequence (Table 3) .  
Table 3:  Environmental variables most highly correlated to the species similarity 
matrix .  Results from Biota-Environment aJ?-alysis (BIOENV) . All sites, n = 96. 
Variable 
EC-50 
Native species 
Landform 
Metres 
Bare ground 
Organic carbon 
pH-50 
Carbonate 
pH-Top 
Compaction 
I 
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Spearman Rank Correlation 
0 .383 
0 .3 12  
0.267 
0.264 
0 . 193  
0 . 1 63 
0. 146 
0 . 1 37 
0. 136  
0 . 126  
Figure 7: NMDS for control (0) and Impacts ( I )  sites. 
MOS - % Cover 
Glr- 0.18 
• 0 
(The stress function indicates best fit for the scatter and decreases with dimensions 
allowed, <0 .2 is considered acceptable) 
Figure 8 :  NMDS for Landform units . 
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CANOCO DCA revealed that the vegetation data from this study showed a strong 
unimodal response as the standard deviation (SD) for axis 1 was 5 .025 SD (nb. a score of 
>4 SD indicates there are species within the data that show a clear unimodal response, see 
ter Braak and Smilauer, 1 998 ,  p. 1 23) .  Table 4 shows the initial DCA summary. 
Table 4 :  DCA results from CANOCO. 
Axes 1 2 3 4 Total inertia 
Eigenvalues : .542 . 3 1 5  . 1 8 1  . 1 34 4 .042 
Lengths of gradient: 5.025 3.544 2.041 2.415 
Cumulative % variance of species data 1 3 .4 2 1 .2 25 .7 29 .0 
Sum of all unconstrained ei�envalues 4 .042 
In the CCA, the first axis explained only 10.7% of the species data but 24.6% of the 
species - environment relationship and almost half of the relationships with the first two 
axes {Table 5) .  This is a reasonable return for the 2-D display plots that follow . Over all 
plots the Landform variable showed the highest correlation for axi s  one. With Number of 
Native Species, Bare ground, Slope, distance from the coast (Metres) and Compaction also 
correlated to axis 1 .  The ControVImpact and conductivity at 50cm variables were most 
highly correlated with axis two. A third axis is evident that shows a relationship to the 
number of weed species , with pH, both topsoil and at 50cm depth, and C03 correlated to 
the fourth axis .  Organic carbon in the soil, dead vegetation and compaction and have 
moderate correlations to axis 2 (Figure 8) .  The following CANOCO biplots summarise the 
above data in 2-D display (Figure 8) .  The biplot also shows the gradient of plots 
corresponding to a landform sequence from beach to inland (right to left on axis 1 in 
' .. 
Figure 8), and also the widening separation ·lj�tween control and impact plots along axis 2 .  
Table 5 :  CCA results from CANOCO. Weighted canonical coefficients between 
species and environmental variables and percentage floristic variance of the first 
four axes for the 96 sites , 73 species and 19 environmental variables . 
(Only variables '¥f th correlations >0.48 are shown) 
Axes 
Eigenvalues 
Species-environment correlations : 
Cumulative % varianc.e of species data: 
(Part 1 )  
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1 
.434 
. 9 15  
10 .7 
2 
. 384 
. 9 17  
20.2 
3 
.238 
. 824 
26. 1 
4 
. 1 88 
.885 
30. 8 
Total inertia 
4.042 
Axes 1 2 3 4 Total inertia 
Cumulative % variance of species-environment 24.6 46.4 59 .9 70.5 
relation: 
Sum of all unconstrained eigenvalues 4.042 
Sum of all canonical eigenvalues 1 .764 
art 2 
Correlations with Environmental Variables Axis 1 Axis 2 Axis 3 Axis 4 
Landform -0.73 
# Native Species -0 .70 -0.59 
ControVImpact 0.65 
Metres -0 .59 
pH-Top 0.78 
Conductivity at 50cm 0.57 
Carbonate 0.50 
Bare ground 0.65 
Slope 0.62 
Compaction -0.49 
# Weed species -0.52 
'J?H at 50cm 0 .5 1 
Figure 9 :  CANOCO biplot for all sites with environmental variables overlayed. 
(Control sites - open symbols 
• 
... 
0 
-· · 
+ Impact sites - closed symbols) 
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0 
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The Landform unit variable and Metres variable are partialled out in the following 
CCA's to remove the main floristic gradient for a more in-depth analysis of the 
control/impact site relationships for landform units 1-2 and 3 to 6. 
3.3 Gradient Analysis - Landform Type 1 
Landform Type 1 includes the foredune and primary dune (Landform units 1-2, plots 
1-2). Average dissimilarity between control and impact sites by SIMPER was 61.61 % 
(Appendix D). Plots were less dissimilar for these landforms than for all landforms. 
ANOSIM returned a significance level of sample statistic of 43.1 % for the sites (R = 
0.006). The correlation (Rho) between floristic and environmental variables within 
Landform Type 1 is 0.383 (significance <0.1 %) as determined by RELATE. 
T. distichum had the highest species average dissimilarity (7.21 % ), but as mentioned 
previously this is a result of storm damage (Table 6, full results at Appendix D and refer to 
Photos 4 and 5). S. crassifolia showed a similar trend to the overall rates, with the second 
highest average dissimilarity (6.37%) but with much greater cover for impact sites. Native 
species 0. axillaris, T. dif.fusa, L. brownii and A. isatidea cover percentages were reduced 
for impact sites. T. divaricata, a weedy coloniser, had a much higher cover percentage for 
impact sites. There was much less T. decumbens; an introduced species, in the impact sites. 
Ehrhata villosa, an introduced grass, w"s found only in north impact sites and was close to 
the beach mainly in an area that appear�d to have considerable pedestrian traffic. A. 
cyclops and M. insulare showed a reduced level of dissimilarity between control and 
impact sites for these two landforms units than for all landform units. However the overall 
cover percentage difference was not great. 
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Table 6:  Sites 1 and 2 dissimilarity (Diss) results between Group O (Control sites) 
and Group 1 (Impact sites) (SIMPER) . 
Species Group O Group 1 Av. Diss/ Contrib Cum. % 
Av.Abund Av.Abund Diss SD % 
*Thinopyrum distichum 1 0.08 7 .25 7 .2 1  1 .23 1 1 .70 1 1 .70 
Scaevola crassifolia 12 .00 1 7 .25 6.37 1 .28 10 .34 22.04 
*Tetragonia decumbens 6.08 1 .92 4 .69 1 .42 7 .62 29 .66 
Mvoporum insulare 3 . 8 3  4 . 1 7  3 . 83  1 .28 6 . 2 1  35 . 87 
Carpobrotus virescens 3 . 58  3 . 58  3 .22 1 .2 1  5 .23 4 1 . 1 1  
Acacia cyclops 4 .67 3 .50 3 .20 1 .02 5 . 1 9  46.30 
Olearia axillaris 2 .50 1 .08 2 . 87 1 .26 4.67 50.96 
*Trachvandra divaricata 0 .75 2.75 2.66 1 .42 4 .32 55 .28 
Atriplex isatidea 1 .42 0.83 2.43 0 .85 3 .94 59.22 
*Ehrhata villosa 0.00 7 .25 2 .3 1 0 .50 3 .74 62.96 
lsolepis nodosa 1 .67 1 .58  2.25 1 . 1 6  3 . 64 66 .61  
*Cakile maritima 0.75 1 .00 2.20 1 .20 3 . 58  70. 1 8  
Rhagodia baccata 1 .92 1 .42 2 . 1 1  1 . 1 6 3 .42 73 . 60 
Threlkeldia diffusa 1 .08 0.58 1 .98  1 .2 1  3 .22 76 .82 
Exocarpus Sp.2 0 .58 1 .75 1 . 89 1 .03 3 .07 79 .89 
Cassvtha sp . l  0.25 4 .58 1 .70 0 .6 1 2 .76 82.65 
* Arctotheca calendula 0.25 0.83 1 .56  1 .0 1  2 .54 85 . 19 
*Bromus diandrus 0 .67 1 .25 1 .49 0 .85 2 .42 87 .61  
Leucophyta brownii 1 . 3 3  0.00 1 .28 0.5 1 2 .08 89 .69 
*Crassula glomerata 0.42 0.42 1 .2 1  0 .80 1 .97 9 1 .66 
(Cut off at the 90% level) 
The NMDS biplot showed that the control ·and impact ,  and landform units, where not 
separated by species cover (Figure 9) . Th� reduced data-set with only foredune and 
!
( 
primary dune (Landform units 1 and 2, Pl0ts 1 -2) showed that the separation between 
control and impact sites was less distinct (Figure 9), although there is a hint of separation 
evident between sites 1 (foredune) and sites 2 (primary dune) .  
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Figure 10: NMDS for Landform units 1 and 2 .  
('c' signifies a control site) 
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For environmental variables, soil conductivity at 50cm showed the strongest 
correlation with species cover (using BIOENV), with pH for surface soils second strongest 
(Table 7) .  Followed by weaker correlations for the number of native species, litter, 
compaction, dead vegetation and infiltration. 
Although not truly unimodal (length of gradient was 3 .272), a pCCA was run for 
comparison to the overall data. The cull}\ilative percentage variance of species­
environment relations was high, 30 .5%ifor the first axis, and 45 .6% for the second axis. A 
strong primary axis was indicated by the similar high correlations for a range of 
environmental variables (Table 8 and Figure 10) .  The CCA variable correlations with 
environmental axis 1 were Bare ground ( .79), Native Species ( .78) ,  EC-50 ( .68) ,  Live and 
Dead vegetation ( .66), Slope ( .65) ,  Infiltration and Compaction ( .59) .  Correlations for 
, ,  
environmental axis 2 were C03 ( .64) and "";�eds ( . 57) .  Axis 3 and 4 were related to weaker 
correlations with Weeds (0.59) and pH-Toi/(0.56) respectively. 
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Table 7:  Environmental variables most highly correlated to the species similarity 
matrix . Results from Biota-Environment analysis (BIOENV) . 
Landforrn units 1 and 2, Sites 1 -2, n = 24. (Metres and Landforrn excluded) 
Variable 
EC-50 
EC-Top 
Native species 
Litter 
Compaction 
Dead vegetation 
Infiltration 
Org-C 
Weeds 
pH-50 
Spearman Rank Correlation 
0.430 
0.290 
0.266 
0.253 
0.24 1  
0.21 5  
0 .207 
0. 1 8 1  
0. 174 
0. 1 58  
Table 8:  CCA results from CANOCO. Weighted canonical coefficients between 
species and environmental variables and percentage floristic variance of the first 
four axes for Landforrn units 1 and 2 (n = 24) . 
(Only variables with correlations >0.48 are shown) 
Axes 1 2 3 4 Total inertia 
Eigenvalues .464 .23 1 . 1 67 , 135 1 .9 1 5  
Species-environment correlations : .982 .978 .920 .941 
Cumulative % variance of species data : 24.2 36 .3  45 .0  52 .0  
Cumulative % variance of species-environment 30 .5 45 .6 56 .6 65 .5 
relation: 
Sum of all unconstrained eigenvalues 
I .  
1 .9 1 5  
Sum of  all canonical eigenvalues I\ 1 .523 
\ \  
Correlations with Environmental Variables Axis 1 Axis 2 Axis 3 Axis 4 
Bare ground 0.79 
# Native Species -0.78 
Conductivity at 50cm 0.68 
Live vegetation 0 .66 
Dead vegetation -0.66 
Slope 0 .65 
Infiltratio� -0.59 
Compac:tion -0.59 
pH for topsoil 0 .56 
Carbonate 0.63 
# Weed species -0.57 0.59 
Aspect 0 .5 1 
EH at 50cm 0 .56 
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· Figure 1 1 :  pCCA for Landform units 1 and 2 (n = 24) . 
(Control sites - open symbols + Impact sites - closed symbols) 
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3.4 Gradient Analysis - Landform Type 2 
Landform Type 2 includes secondary and tertiary dunes and flats (Landform units 3-
6 ,  plots 3 to 8) .  Average dissimilarity between control and impact sites determined by 
SIMPER was 67 . 1 1  % (Appendix D). ANOSIM returned a significance level of sample 
statistic of 0. 1 % for the sites (R = 0.393). RELATE returned a sample statistic (Rho) of 
0.3 1 5  (significance level = 0. 1 %).  
M. insulare had four times and A. cyclops more than double percentage cover for 
impact sites in this Landform type (Table 9, full results at Appendix D) .  S .  crassifolia had 
similar covers but the fourth highest dissimilarity signifying a variable distribution. 
Exocarpus sp . ,  0. axillaris and S. globulosum were much reduced in impact sites and may 
be susceptible to some level of impact ,  and/or have.a reduced recruitment viability in the 
shack settlement area. The weeds B. diandrus and J. acutus were much more dominant in 
impact sites. R. baccata cover was also increased in impact sites. A much greater average 
cover percentage of S. virginicus was recorded in the impact areas. 
Table 9: Sites 3 and 8 dissimilarity (Diss) results between Group O (Control sites) 
and Group 1 (Impact sites) (SIMPER) . 
Species Group 0 Group 1 Av. Diss/ Contrib% Cum.% 
Av.Abund Av.Abund Diss SD 
Acacia cyclops 6 . 14 / _14 .08 4 .33  1 .28 6.45 6.45 
Sporobolus virgincus 3 .5 3  ,, '.,' 1 1 .33  3 .75 0. 8 1  5 .59  12 .04 
Myoporum insulare 2.86 , J  1 1 .6 1  3 .59 1 .20 5 . 36  17 . 39 
Scaevola crassifolia 10 .94 9 .69 3 . 5 1  1 .25 5 .23  22.62 
Spyridium globulosum 5 . 56 1 .78 2 .70 1 .56  4.03 26 .65 
Olearia axillaris 5 .44 1 . 17 2.67 1 .4 1  3 .98  30 .63 
Exocarpus Sp .2 4.92 0.89 2 .65 1 . 55 3 .95 34 .58 
*Bromus diandrus 1 .25 7 .50 2.63 1 .05 3 .92 3 8 .50 
Cassvtha sp. l 1 .08 5 .03 2 .53 1 .40 3 .77 42.27 
Rhagodia baccata 2 .8 1 5 .6 1  2 .39 1 .27 3 .56  45 .83  
*Juncus acutus ) 0 .08 6.92 2 .27 0.54 3 . 39  49.22 
Lepidosperma gladiatum 1 .47 3 .47 2 .00 0 . 87 2 .99 52.20 
Isolepis nodosa 3 .56 3 . 1 4  1 .79 1 .27 2 .66 54.86 
Carpobrotus virescens 2 .61  0.47 1 .77 1 . 17 2.64 57 .50 
Conostylis candicans 2 . 1 9  0.25 1 .68 1 .04 2.5 1 60.01  
*Trachvandra divaricata 0 .69 2 .3 1 1 . 64 0 . 87 2.44 62.45 
Leucopogon parviflorus 1 . 89 0.50 1 .57 0.98 2 .33  64.78 
*Lolium rigidum 1 . 17 1 .03 1 . 38 1 . 1 1  2.06 66 .84 
* Arctotheca calendula 0 . 17  1 .39  1 . 38 1 . 1 1  2 .05 68 .89 
Allocasuarina lehnianniana 2.06 0.50 1 .35 0.65 2.02 70.90 
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Poa poiformis 1 .00 I . I ] 1 .33 1 . 1 2 1 .98 72 .88 
Acacia truncata 2. 1 9  0.00 1 .3 1  0 .66 1 .96 74 . 84 
Threlkeldia diffusa 0.83 1 .3 1  1 .2 1  1 .22 1 .8 1  76.65 
Spinifex Jongifolius 0.36 1 . 86 1 . 1 7  0.60 1 .74 78.40 
•crassula glomerata 1 .00 0.22 1 . 12  1 .03 1 .67 80.07 
Senecio lautu.s 0.72 0.25 1 .04 l .2 1  1 .56 8 1 .63 
Acrotriche cordata 1 .53 0. 1 7  0.99 0 .55 1 .47 83 .09 
Halosarcia indica 0.00 1 .22 0 . 87 0.49 1 .3 0  84 .40 
*Ehrbata vil losa 0.00 l .94 0.69 0.29 1 .03 85 .43 
Ooercularia vaginata 0.47 0.00 0.64 0.73 0.96 86.39 
Nemcia reticulata 0.69 0.00 0.64 0.54 0.95 87.34 
Crassula colorata 0 .39 0 .00 0.57 0.69 0.86 88 .20 
Schoenus sp. l 0.3 1 0.00 0.5 1 0 .66 0.76 88 .95 
Sp.24 0. 1 9  0. 1 9  0 .47 0.59 0 .7 1 89 .66 
*Euphorbia terracina 0.00 0.69 0.46 0.37 0.69 90.3 5 
(Cut off at the 90% level) 
MDS showed the difference between control and impact sites for Land.form type 2. 
For landform unit 5 (flats), north and south control sites were partially separated in 
ordination space. This separation is shown on the NMDS (Figure 1 2), with south control 
sites in  the top circle and north control sites in the lower. 
Figure 12 :  MDS for Landform units 3 to 6. 
a) 0 - Control sites, 1 - Impact sites) 
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BIOENV returned moderate correlations (Table 1 0) for native species richness, 
conductivity at 50cm and topsoi l ,  pH at 50cm, C03, organic carbon, pH for topsoil and live 
vegetation. With lesser correlations to dead vegetation and the control impact variable. 
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Table 10: Environmental variables most highly correlated to the species similarity 
matrix. Results from Biota-Environment analysis (BIOENV). 
Landform units 3 - 6, Sites 3-8 ,  n = 72. (Metres and Landform excluded) 
Variable 
Native species 
EC-50 
EC-Top 
pH-50 
Carbonate 
Organic carbon 
pH-Top 
Live vegetation 
Dead vegetation 
Control/Impact 
Spearman Rank Correlation 
.3 80 
.304 
.280 
.27 1  
.265 
.262 
.259 
.250 
. 1 85 
. 1 82 
DCA to check gradient length for these plots/landform units returned a SD of 3 .903 . 
As four standard deviations is the accepted limit, this is slightly less but acceptable , a 
pCCA was run for comparison to the overall data (Table 1 1  and Figure 1 2) .  The 
cumulative percentage variance of species-environment relations was similar to the overall 
and Landform type 1 results, with 30 .3% for the first axis, and 49 .9% for the second axis. 
The variables Native sp. ,  Control/Impact, conductivity at 50cm, Organic carbon and Bare 
ground had the highest correlations with axis 1 .  Weeds, C03 , Slope and Compaction were 
c01Telated with axis 2. A strong third axis exists, represented by pH-Top, Bare ground, 
Infiltration and Compaction, although this is ,not .obvious on the 2-D biplot. No fourth axis 
was evident. The vegetation species were c9rrelated with the native species variable , litter 
and live vegetation. Weed species were aligned along an axis with dead vegetation, weed 
numbers and the control/impact variable .  These results have circular reasoning, ie the 
variables based on numbers of species reflect the species locations in ordination space .  A 
choice of more appropriate variables could be considered in future studies. The outlier site 
in the top right comer is a result of a high Juncus acutus percentage cover (85%) for that 
plot. Results were supported by BIOENV (eg pH) but provided more detail , such as the 
Bare ground influence, pH on the third axis and slope on the second axis. 
47 
Table 11: ·CCA results from CANOCO. Weighted canonical coefficients between 
species and environmental variables and percentage flori stic variance of the first 
four axes for Landform units 3 to 6 (n = 72). 
(Only variables with correlations >0 .43 are shown) 
Axes 1 2 3 4 Total inertia 
Eigenvalues .42 1 .27 1 .2 1 5  . 1 02 3 .203 
Species-environment correlations : . 943 .885 .92 1  . 847 
Cumulative % variance of species data : 1 3 . 1  2 1 . 6  28 .3 3 1 .5 
Cumulative % variance of species-environment 30 .3 49.9 65 .4 72. 8 
relation: 
Sum of all unconstrained eigenvalues 3 .203 
Sum of all canonical eigenvalues 1 . 387 
Correlations with Environmental Variables Axis 1 Axis 2 Axis 3 Axis 4 
# Native species -0. 8 1  
Control/Impact 0 .69 
Conductivity at 50cm 0.63 
Organic carbon -0.44 
Bare ground 0.45 0.72 
# Weed species -0.62 
Carbonate -0.58  
S lope -0.53 
Compaction 0.45 0 .49 
pH for topsoil 0 .87 
Infiltration -0.50 
I 
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a) Environmental variables 
Figure 13 : CANOCO pCCA for Landform types 3 to 6. 
(Control sites - open symbols + Impact sites - closed symbols) 
b) Scatter diagram of sites in ordination space 
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Chapter 4 - Discussion 
Descriptive analysis showed general trends for several environmental 
variables relationship to the coastal landforms and, although not statistically different, 
gradient analysis was able to reveal the strength of the vegetation and environmental 
relationships for natural and disturbed areas. Both NMDS and CCA clearly showed 
two major gradients. The primary gradient, the coastal floristic succession was 
strongly associated with landform and distance from the coast. The secondary 
gradient showed the increasing floristic separation between control and impact sites. 
This secondary gradient was indicated by correlations with the native species 
richness, the control/impact index, conductivity at 50cm depth and could be futther 
explained by topsoil organic carbon content, the amount of bare ground and to a lesser 
extent soil compaction and litter. Gradient analysis also exposed several latent 
relationships that were not initially apparent and could be investigated further. 
4.1 Primary Gradient 
Coastal dune ecological successioh patterns are well established (Hellemaa, 
1998; Kent et al. , 1999; Lesica & Cooper, 1999). Coastal vegetation zones are formed 
which run parallel to the shore (Brown & McLachlan, 1990). There is an ecological 
succession, or spatial gradient for environmental variables, with distance from the 
coast and between landform units such as dune crest to slacks (swales) (Brown & 
McLachlan, 1990; Schembri, 1997; Hellemaa, 1998). In this study, the primary 
gradient, where species percentage cover showed a gradation from coast to inland and 
was related to two major landform types, foredune/primary dune and the area inland 
from these, the secondary/tertiary dunes and flats. Both direct and indirect gradient 
analyses related the landform, distance from the coast and the amount of bare ground 
as the principal,components of this successional gradient. CCA correlated slope as a 
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component of the successional gradient. Species variation along this gradient included 
the turnover in species (f3 diversity) which is shown in part by the species cover 
dissimilarity between foredune and those sites further inland (average dissimilarity = 
81-84%). Each landfo1m unit was located in ordination space in a natural progression 
from coast to inland. This shows similar delineation to Henriques and Hay's (1998) 
Brazilian study, they classed landf01ms as habitat gradient groups: Group I - pioneer 
vegetation, Group II - embryo dunes 10-30m inland, and Group III - 40-lOOm inland 
and is supported by Maun (1998) who observed that plant species occmTing in the 
foredune complexes around the world may be different but their response to the 
prevailing environmental stresses of foredunes is convergent. The coastal landforms 
also correspond to successional zonation referred to in a Finnish coastal study by 
Hellemaa (1998), a central coast Quindalup dune study by Griffin (1993) and the 
previous research at Wedge by HGM (2000). 
Salinity has been reported as an important determinant of vegetation in coastal 
dunes (Brown & McLachlan, 1990). Although Henriques and Hay (1998) did not find 
any significant correlation with vegetation pattern although they did have show a 
slight negative correlation (-0.54) with distance from the coast. This concurs with the 
results for Wedge soils. In direct gradient analysis conductivity of topsoil was wealdy 
correlated with distance from the coast. Interestingly, for conductivity at 50cm depth, 
there was higher correlation between control and impact sites rather than the expected 
c01Telation with distance from the coast. This is discussed in the following section. 
Within the primary gradient landform and distance from the coast were negatively 
correlated with C03 which indicates a reducing gradient of CaC03 as you move away 
from the coast. This relationship was reported by Griffin (1993) in his Flora of the 
Quindalup Dunes study, albeit at a broader landscape scale and supported by EI­
Ghani and Amer (2003) . . According to Brown and McLachlan (1990) organic matter 
increases with dune age and C03 decreases with dune age as it is leached out and both 
result in a corresponding decrease in pH. If distance from coast can be accepted as 
relating to an increase in dune age, then organic content and C03 follow these 
accepted norms. 
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Overall for vegetation , control sites were dominated by Scaevola crassifolia -
Olearia axillaris shrubland and Impact sites by Scaevola crassifolia - Acacia cyclops 
shrubland. The vegetation patterns were variable and therefore not significantly 
different but did vary between the landforms and this was identified by the 
ordinations . Landform unit 1 sites were dominated by T. distichum, apart from the 
storm erosion of north impact sites which were therefore dominated by S. crassifolia. ,  
with various levels of C. virescens, T. decumbens and M. insulare . Landform type 2 
for impact sites were dominated by A. cyclops - M. insulare shrubland with S. 
virginicus sub-dominant whilst controls by S. crassifolia - S. globulosum - 0. axillaris 
shrubland. These are based on average abundance from percentage cover data and 
relate directly to the HGM (2000) studies TWINSP AN classification that returned 
similar groupings but were only separated by vegetation composition, and not by any 
other 'factor' . HGM groupings were, Incipient foredunes: 'dune grasses' , S. crassifolia 
- 0. axillaris - L. brownii dwarf scrub and 0. axillaris low scrub over S. longifolius 
grassland, and Foredunes: S. crassifolia - M. insulare - 0. axillaris heath or 0. 
axillaris - Melaleuca acerosa (systena) - A. lasiocarpa heath . Further in from the 
coast on young inland dunes and deflation plains: Sedgelands, A. cyclops scrub over 
0. axillaris - S. crassifolia dwarf scrub, or Allocasuarina lehmanniana - A. cyclops 
scrub over 0. axillaris - A. truncata dwarf scrub. 
More 'natural' areas such: /:lS control plots could be expected to have not only a 
greater diversity, but also a higher percentage vegetation cover (King & Buckney, 
2002) . The 'quantity' of vegetation appeared to be greater within the settlement area. 
This has been supported by remarks from one shack owner (pers. comm.,  2003b). His 
implication was that more vegetation is better. Whilst it is certainly better for reducing 
wind speed and wind blown sands around the shacks, it is exactly the opposite on a 
biodiversity scale. This study, by average percentage cover, concluded that impact 
sites did have approximately and overall increase in vegetation cover of 30%.  There 
are a range of theories on the effects of disturbance and diversity (species richness) 
such as the intermediate disturbance hypothesis (IDH) . The IDH states that at middle 
levels of disturbance, diversity will be maximised. This study did not support the IDH 
assumption, diversity is greatest at least disturbed si tes and reduced at impact si tes. 
There are a nurhhe.r of species responsible for this , in particular the native species , 
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Acacia cyclops and Myoporum insulare. These have taken advantage of the 
disturbance regime within the shack area and are more abundant and also certainly 
greater in size. This is a result, I believe, of microclimate adjustments and wind 
buffering by the shack buildings. Allowing the development of the more opportunistic 
and pioneer species. These conditions can create a new cycle of plant growth which 
may be self perpetuating, crowding out the usual range of native species. Both species 
propagate by seed, A. cyclops produces a large number of hard seeds that persist for 
many years in the soil, disturbance may create gaps which allows seed germination at 
greater rates than would normally be expected (Kollman, 2000). Although seed 
dispersal, plant recruitment and plant growth habit are due to various causes, these 
plants and the factors that result in their success in impact areas would make for 
important further study to understand not only how they survive, but thrive under 
disturbance. A. cyclops and M. insulare can grow to considerable size ( 4m+ width and 
height), however the canopy cover is sparse enough to allow introduced grasses to 
establish (for example annuals Bromus diandrus, Lolium rigidum or Avena barbata) 
whilst restricting the germination and/or development of the smaller native shrubs C. 
candicans, L. parviflorus, A. lehmanniana, S. lautus, A. truncata, A. cordata, N. 
reticulata and 0. vaginata. These species are sparse, or non-existent within the impact 
sites. For such a small geographic area it is unrealistic to believe that they would not 
normally be represented within the area occupied by the shack settlement if 
undisturbed. (eg Acrotriche cordata). 
The most important factor, the principle successional element, once removed 
enabled greater analysis and definition of the secondary gradient by vegetation 
variable response. 
4.2. Secondary Gradient 
A widening variation in vegetation with distance from the coast was evident 
for control to impact sites and was obvious for Landform type 2 (landform units 3 to 
6, plots 3-8). The number of native species, conductivity at 50cm, the control/impact 
variable, organic carbon; number of weed species, percentage of bare ground, and to a 
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lesser extent, compaction were correlated to this secondary gradient. This ordination 
gradient was consistent throughout landform type 2 and included swale plots which 
grouped with plots further inland in this study and were therefore not separated for 
analysis. This is supported by the classifications of Quindalup vegetation community 
types and landform units in the HGM (2000) and Griffin (1993) studies. El-Bana et al. 
(2002) noted that within dune complexes there are a series of microscale habitats that 
vary in physical and vegetative characteristics but due to their spatial proximity have 
similar vegetation patterns. Although these landform units presented a more 
continuous variation (Henriques & Hay, 1998), they also show the control/impact 
floristic divergence on the second axis for both NMDS and CCA (Axis 2 Figure 6 and 
8). This needs to be treated cautiously as it could also be inclusive of existing natural 
variation. However, similar patterns to those expressed on axis 2 were revealed in a 
study by King and Buckney (2002) on exotic plant invasions to urban bushland using 
NMDS and CCA and soil nutrient variables. 
The use of native species to weeds species numbers has been used before by 
King and Buckney (2002), they used indices of number of species (native and exotic) 
for analysis by NMDS, PCAS and CCA in an urban bushland study. Use of these 
variables, in this study, shows somewhat circular reasoning, ie the variables based on 
numbers of species reflect the species locations in ordination space. A choice of more 
appropriate variables could be considere� in future studies. Nevertheless, the number 
of native species was negatively correlated with the number of weed species and 
native species abundance was correlated with control sites and the abundance of 
introduced species with impact sites as would be expected. King and Buckney (2002) 
found that increased weed species richness was linked to soil nutrients and was 
closely correlated to urban (ie impact) as compared to non-urban (ie control) bushland 
sites in a study by of northern Sydney, althdugh they concluded that the divergence 
between sites was best explained by a range of factors. This relationship has been 
known for a long time, Chamisso in his 1827 "Botany for the non-botanists' wrote 
"Wherever a human being settles, the face of nature is changed" (in Sukopp, 1998). 
This has been confirmed a: range of studies and in management of vegetation and 
weed invasions (Schwartz, 1997; NP&WS, 2000; Foster et al., 2002; King & 
Buckney, 2002) . .  · 
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The foredunes were the sites of highest weed species cover. One of the weed 
species was C. maritima, this was also mentioned in Hellemaa's (1998) study of the 
Finnish coast and so it obviously handles variable conditions and is a good coloniser 
due in part to its double seeding/dispersal mechanism CR-strategist). Hellemaa (1998) 
looked at 'trampling' levels on the coastal dunes of Finland as an indicator of impact 
or disturbance and found that intensive trampling impoverishes the vegetation. 
Trampling also favoured certain introduced pioneer species although in lightly 
disturbed areas native species persisted. The weed Arctotheca calendula (Capeweed) 
and Trachyandra divaricata were extensive distributed along walk trails and cleared 
areas near shacks and whilst Capeweed was not intrusive to surrounding vegetation T. 
divaricata was. L. rigidum a grass, and C. glomerata had extensive distributions but 
were not dominant and did not appear to out-compete local species. Problems with 
weed species do exist, J. acutus and B. diandrus are widespread, and E. terracina is a 
more recent invader. 
The use of a Control/Impact variable appears unique to this coastal study but 
has a reasonable level of interpretability within the gradient analysis. It simply aligns 
sites within ordination space and as an environmental variable, shows the central 
trend for the impact sites. Conductivity at 50cm was strongly correlated with the 
impact sites. The are several factors that need to be noted on conductivity. The water 
table is very high, the lowest ground levelareas· are within the settlement and salts 
may be mobilised and rise through capillary action. Local shack septic systems may 
have an influence. Finally storms and high tides in May of this year resulted in 
seawater flooding large sections of the settlement area. This may have resulted in salt 
deposition and a temporary rise in conductivity. 
Soil organic carbon was correlated with the impact sites, but percentage litter 
was correlated with control sites. This may be due, in part, to a fair percentage of 
above ground litter can be attributed to A cyclops. These wattles have a tendency to 
maintain a good level of litter under their canopy, compared to other coastal species, 
and had a greater percentage cover for impact sites with a resulting increase in litter 
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cover. This relates also to percentage of bare ground which was, unexpectedly, 
reduced for impact sites. For landform units 3 to 6, pH for topsoil and percentage bare 
ground had a strong coffelation with the third axis. This is most likely related to the 
most inland northern sites which were flats dominated by Allocasuarina lehmanniana, 
but were very open and sparsely vegetated. Topsoil pH, percentage bare ground, 
infiltration and Compaction were linked to this axis although this is not obvious on 
the 2-D biplot. These could relate to a reaction to human activities but is most likely a 
natural pattern. Surface soil pH may be different as these areas were sampled during 
the wettest months. Compaction may most likely be due to human activities and 
aligns with impact sites, but had moderate coffelations to all axes of the CCA and was 
therefore difficult to interpret. This may be more appropriate in different soil types. 
Slope was coffelated with a separate gradient within the secondary gradient, this may 
reflect the trailing secondary and interspersed nature of tertiary dunes on the flats and 
deflation plains of the Wedge promontory. 
The variation identified by ordination could be expected within a highly 
dynamic area just removed from the beach zone. Wind and accessibility from the 
beach make these areas susceptible to rapid change from natural and human 
influences. Apart from direct walk trails, trampling and potential weed incursion, the 
variation between control and impact sites is less defined. A more detailed analysis, 
landform unit by landform unit would identify more precise differences and may be 
applicable if the aim is to detecting minor !or subtle variations in vegetation. 
4.3 Gradient Analysis - Benefits 
Both direct and indirect gradient analyses recognised the successional nature of 
the data and the variation within and between landforms. Both methods showed the 
variation between control and impact sites. There was a high degree of convergence 
between the two approaches of gradient analysis used. Both methods indicated that 
there were obvious variations in small-scale landform and vegetation associations on 
coastal dunes and that floristic gradients were related to environmental gradients. 
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Indirect gradient analysis identified several species that could be used as 
indicator species for change in vegetation composition, if not disturbance. An 
example was S. crass(folia, this species had having an overall similar cover average 
for all plots, but that the distribution within control sites varied greatly from the 
distribution within the impact sites .  Also A cyclops and M. insu!are showed a greater 
average cover for impact sites and a high level of dissimilarity between control and 
impact sites for landform type 2 and may be indicators or disturbance within these 
l andforms . Convcrslcy 0. axillaris and S. globulosum. cover percentage was greatly 
reduced, thi s may be a result of human impact. A worthwhile study would involve 
researching disturbance effects of these species and their resilience, resistance and 
tolerance to impacts in  general .  
Direct gradient analysis gave a more in--depth view of vegetation patterns as 
related to environmental vari ables . This technique showed the relative positions of 
species and sites along the most important or primary gradient of coastal succession. 
It then separated control and impact sites along the secondary ecological gradients of 
native species richness, conductivity, soil organic carbon and showed the importance 
of other variables such as percentage bare ground, compaction, litter and number of 
weed species. 
Although gradient analysis docs not directly prove cause and effect, in this 
study it gave clear indications of a separation in  a coastal local scale landfonn 
gradient, delineated between impact and less disturbed zones and pointed to areas that 
require more detai led data and investigation for accurate assessment. Whi lst achieving 
a level of assessment, a greater range of environmental (eg Soi l nutrients) data would 
provide even greater detai l of vegetation patterns, species composition and a more 
comprchcnsi ve analysis of disturbance. 
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Chapter 5 - Conclusion 
This section of coast is under pressure, but Wedge vegetation, for control and 
impact sites was found to be not significantly different. This shows a resilience, a 
tolerance to a long-term disturbance regime of shack settlement, tourism and 
recreational activities. Nevertheless there is a difference. 
The main objective of this study was to use gradient analysis to separate 
human-induced impacts from natural variation in coastal vegetation. Firstly, gradient 
analysis delineated and described the vegetation patterns that relate to landforms and 
distance from the coast, or the successional nature of the Wedge environment. Both 
indirect and direct gradient analyses showed species and environmental factors that 
were correlated to these natural patterns. Secondly, gradient analysis separated 
patterns in species composition between natural gradients from patterns that may be 
attributed to disturbance from human activities. Both indirect and direct gradient 
analyses have their strengths, but direct gradient analysis provides a more in-depth 
and informative analysis. However, it is not possible for gradient analysis to directly 
relate cause and effect. These analyses of variation may be used to infer causal effect 
of human impact only. 
Nevertheless, in the author's opinion, gradient analysis is a useful techniques for 
assessing coastal disturbance. It provides an overview of ecosystem conditions, it 
provides a summary of vegetation patterns and vegetation - environmental 
relationships, and it provides direction for management activity. For example, 
identifying indicator species or environmental conditions that suit particular species. 
As a method for assessing human-induced impacts, gradient analysis provides some 
answers, but also some questions. I believe that gradient analysis both indirect and 
direct are extremely useful techniques for assessing vegetation patterns and variation. 
I would strongly recommend gradient analysis for any vegetation study including 
assessing human induced impacts. 
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APPENDIX A 
SPECIES LIST 
Genus Species Common Name Structure Type 
Aizoaceae *Tetragon/a dec11mbe11s Sea spinach Shrub 
Aizoaceae Carpobrotus virescens Pigface Shrub 
Asphodelaceae *Tracl1ya11dra divaricata Herb 
Asteraceae *Arctotl1eca calend11/a Capeweed Herb 
Asteraceae *Arctotlteca pop11lifolia Dune cabbage Herb 
Asteraceae *Hypocltaeris glabra Flat weed Herb 
Asteraceae *S011cl111s oleraceus Common sowthistle Herb 
Asteraceae *S011cl111s oleraceus Common Sowthistle Herb 
Asteraceae Le11copllyta brownii Cushion bush Shrub 
Asteraceae Myriocepltall,s sp. Herb 
Asteraceae 0/earia axillaris Coast daisy Shrub 
Asteraceae Podotlteca c/1rysa11tlta Yellow podotheca Herb 
Asteraceae Senecio la11t11s Coastal Groundsel Herb 
Brassicaceae *Cakile maritima Sea rocket Herb 
Brassicaceae *Heliop!lila pusilla Herb 
Casuarinaceae Allocasuari11a le/1ma1111ia11a Dune sheoak Shrub 
Chenopodiaceae Atriplex isatidea Coast Saltbush Shrub 
Chenopodlaceae Halosarcia indica Samphire Shrub 
Chenopodiaceae R/1agodia baccata Seaberry saltbush Shrub 
Chenopodiaceae Tlirelke/dla dijft1sa Coast Bonefruit Herb 
Crassulaceae *Crassula g/omerata Herb 
Crassulaceae Crassu/a co/orata Herb 
Cyperaceae lsolepis 1,odosa Knotted club-rush Sedge 
Cyperaceae Lepidosperma gladiat11m Coast sword-sedge Sedge 
Cyperaceae Sclioe1111s sp.1 Herb 
Cyperaceae Sc/1oen11s sp.2 Herb 
Dasypogonaceae Aca11tl1ocarp11s preissii Prickle lily Shrub 
Droseraceae Drosera sp. Vine 
Epacridaceae Acrotricl1e cordata Coast ground berry Shrub 
Epacridaceae Le11copogon i11s11laris Shrub 
Epacridaceae Le11copogon parvijlorus Coast beard heath Shrub 
Euphorbiaceae *E11p/1orbia pep/us Petty spurge Herb 
Euphorbiaceae *E11p/1orbia terracina Geraldton carnation weed Herb 
Fabaceae *Trifolium sp. Herb 
Goodeniaceae Scaevola crassifolia Fan flower Shrub 
Haemodoraceae Conostylis candicans Grey cottonhead Herb 
Juncaceae *J11nc11s ac11t11s Spiny rush Sedge 
Juncaginaceae Trigloc!li11 sp. Herb 
Lamiaceae Hemimtdra p11nge11s Snakebush Shrub 
Lauraceae Cassyt/,a sp.1 Dodder laurel (thick) Vine 
Lauraceae Cassytlla sp.2 Dodder laurel (thin) Vine 
Lobeliaceae lsotoma //ypocraterijormis Woodbridge Poison Herb 
Mimosaceae Acacia cyclops Red-eye wattle Shrub 
Mimosaceae Acacia lasiocarpa Dune moses Shrub 
Mimosaceae Acacia trmtcata Shrub 
Myoporaceae Myoporum insulare Boobiala Shrub 
Myrtaceae *Eucalyptus sp. (Planted) Tree 
Myrtaceae Melale11ca systena (Formerly M. acerosa) Shrub 
Orobanchaceae *Orobanclte minor Lesser broomrape Herb 
Papilionaceae Nemcia reticulata (Broad leaf variant) Shrub 
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Poaceae *Ammopllila arenaria Marram grass Grass 
Poaceae *Avena barbata Bearded oat Grass 
Poaceae *Bromus dim,drus Great brome Grass 
Poaceae *Eltrltata villosa Pyp grass Grass 
Poaceae *Eragrostis sp. Grass 
Poaceae *Lagarus ovatus Hare's tail grass Grass 
Poaceae *Lolium rigidum Annual ryegrass Grass 
Poaceae *Stenotapllrum secu11datum Buffalo grass Grass 
Poaceae *Tllinopyrum distic/,um Sea wheat Grass 
Poaceae Poa poiformis Coastal poa Grass 
Poaceae Spi11if ex ltirsutus Hairy spinifex Grass 
Poaceae Spinif ex longifolius Long leaved spinifex Grass 
Poaceae Sporobolus virgi11cus Salt water couch Grass 
Ranunculaceae Clematis linearifolia Old man's beard Vine 
Rhamnaceae Spyridium globulosum Basket bush Shrub 
Rubiaceae Opercu/aria vaginata Herb 
Santalaceae Exocarpus sp.2 Shrub 
Santalaceae Exocarpus sparteus Broom ballart Shrub 
Thymelaeaceae Pimelea ferruginea Coastal Banjine Shrub 
Unknown Sp.24 Herb 
Unknown Sp.28 Shrb 
Unknown Sp.32 Vine Vine 
Unknown Sp.47 Parasite on A.cyclops Shrub 
Other species siahted 
Tamarix aollvlla Tamarisk Tree 
Araucaria //eteroo//vlla Norfolk Island Pine Tree 
Myl'taccae Melaleuca /anceolata Rottnest tee tree Tree 
Santalaceae Santa/um acumi11atum Quondong Tree 
Loranthaceae Nu.vtsia floribunda Christmas tree Tree 
Myrtaceae Eucalvotus so. Coastal moor! Tree 
Asteraceae Arctotis stoec/1adifolia White arctotis Herb 
Casuarinaceae Allocasaurina J,umi/is Dwarf sheoak Shrub 
Mvrtaceae Atwnis flexuosa Peooerrnint tree Tree 
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ENVIRONMENTAL VARIABLE DATA FOR ANALYSIS 
C-1 Land- Mtrs ph-Top pH-50 EC-Top EC-50 Org-C C03 Bare Live Dead Utter Slope Aspect lnfiltr Compact 
form Ground Veg Veg (Cosine) 
Sc1-1 0 1 0 8.58 8.56 990.00 1 892.00 4.78 39.83 0.90 0.90 0 . 10  0.00 1 6  0.0663 1 .58 0.1 0  Sc1-2 0 2 20 8.66 8.87 1 323.00 389.20 5.03 39.50 0.70 0.60 0.40 0.00 0 1 .0000 2.37 0.67 Sc1a3 0 3 34 8.65 8.72 286.20 332.50 5.08 39.56 0 . 10  0.80 0.20 0.1 0  1 0  -0.7302 4.65 0.39 Sc1-4 0 4 68 8.23 8.68 321.60 141 .30 5.84 38.91 0.05 0.90 0 . 10  0.20 8 -0.8391 6.22 0.52 Sc1-5 0 5 1 65 8.37 8.68 1 82.00 90.90 5. 1 8  37.99 0.15 0.80 0.20 0.1 0  0 1 .0000 3.37 0.95 Sc1-6 0 5 1 99 8.27 8.60 1 86.60 1 84.20 6.33 37.72 0 .15 0.90 0.1 0  0.20 0 1 .0000 3.07 0.90 Sc1-7 0 5 277 8.26 8.69 1 56.00 83.40 5.49 37.1 9  0.15 0.90 0.1 0  0.25 0 1 . 0000 2.95 1 .25 Sc1-8 0 5 326 8.36 8.74 140.90 129.90 5.1 3  36.40 0.20 0.80 0.20 0.1 0  4 -0.9217 2.35 · 1 .50 Sc2-1 0 1 0 8.71 8.65 420.00 2715.00 4.77 39.69 0.70 1 .00 0.00 0.00 21 0.0663 1 .70 0.27 Sc2-2 0 2 1 7  8.70 9.20 1 044.00 368.20 5.14 39.49 0.35 0.90 0 . 10  0.02 2 0.4872 2.53 0.40 Sc2-3 0 3 37 8.1 6  8.77 268.30 1 23.80 6.41 38.78 0.02 0.80 0.20 0.03 14  0.7597 3.03 0.45 Sc2-4 0 6 69 8.32 8.77 250.30 1 59.50 6 . 19  39.55 0.20 0.80 0.20 0.03 1 5  -0.9912 1 .98 0.60 Sc2-5 0 4 1 1 0  8.35 8.77 263.50 140.1 0  6.12 38.45 0.05 0.80 0.20 0.05 5 0.4081 2.63 0.85 Sc2-6 0 5 174 8.25 8.70 1 89.80 143.40 6.02 39.08 0.25 0.70 0.30 0 . 10  3 -0.0221 2.28 1 .35 Sc2-7 0 5 292 8.48 8.76 1 1 7.70 124.60 4.1 3  38.81 0.20 0.80 0.20 0.1 0  1 0.3258 4.45 1 .45 Sc2-8 0 5 353 8.28 8.92 1 38.50 ·152_40 5.59 38.35 0.1 0  0.90 0 .10 0.25 0 1 .0000 4.25 1 .40 Sc3-1 0 1 0 8.59 8.62 144.00 1 560.00 5.77 39.1 8  0.75 1 .00 0.00 0.00 1 9  -0.5985 1 .42 0.60 Sc3-2 0 2 1 9  8.70 9.05 353.20 201 .20 4.99 39.53 0.15 0.70 0.30 0.02 1 0  0.9650 2.38 0.65 Sc3-3 0 3 43 8.29 8.80 1 27.80 1 80.60 5.26 39.08 0.08 0.90 0 .10 0.02 2 0.9650 2.28 1 . 15  Sc3-4 0 4 98 8.29 8.81 244.30 101 .80 5.82 39.09 0.08 0.80 0.20 0. 1 0  5 1 .0000 7.15 0.85 Sc3-5 0 5 139 8.36 8.87 140.40 1 19.20 5.27 40.25 0.15 0.70 0.30 0.07 0 1 .0000 3.27 1 .70 Sc3-6 0 5 237 8.37 8.92* 1 17.80 83.40* 5.40 38.22 0.08 0.80 0.20 0.15 0 1 .0000 2.28 1 .35 Sc3-7 0 5 261 8.49 8.92* 1 03.20 1 02.60* 5.1 1  37.21 0.09 0.90 0. 1 0  0.25 0 1 .0000 2.08 1 .70 Sc3-8 0 5 301 8.20 9.01* 280.80 149.60* 6.31 37.54 0.12 0.90 0.1 0  0.30 0 1 .0000 5.47 1 .35 S1-1 1 1 0 8.88 8.73 166. 1 0  980.00 4.95 40.00 0.85 1 .00 0.00 0.00 1 8  0.9380 1 .03 0.32 S1-2 1 2 14  8.79 8.81 212.40 506.00 4.36 40.1 9  0.90 0.90 0 .10 0.00 6 0.4872 1 .1 7  0.55 S1-3 1 3 49 8.62 8.86 1 1 4.00 144.00 5.48 39.39 0.20 0.90 0.1 0  0.02 2 -0.8839 2.90 0.80 S1-4 1 2 108 8.47 8.50 21 1 .20 588.00 5.62 39.21 0.15 0.90 0.1 0  0.1 0  5 -0.7302 1 .90 0.45 S1-5 1 3 1 73 8.58 8.77 1 20.30 1 01 .60 5.86 39.20 0.02 0.60 0.40 0.40 5 0.9844 3.73 1 .00 S1-6 1 5 275 8.57 8.55 1 87.20 861 .00 6.52 38.83 0.00 0.90 0.1 0  0.02 0 1 .0000 2.30 1 .40 S1-7 1 5 329 8.73 8.78 143.90 868.00 5.96 38.92 0.02 0.90 0.1 0  0.05 0 1 .0000 2.38 1 . 65 S1-8 1 5 393 8.53 9.00 1 74.30 361 .60 5.49 39.1 2  0.08 0.80 0.20 0.03 0 1 .0000 3.27 1 .65 S2-1 1 1 0 8.54 8.28 1 1 6. 1 0  2220.00 4.82 39.44 0.70 1 .00 0.00 0.00 1 0  -0.9756 1 .1 7  1 .00 S2-2 1 2 28 8.56 8.53 203.60 315.60 5.06 39. 1 9  0.55 0.80 0.20 0.00 8 0.6333 1 .20 0.45 S2-3 1 3 80 8.39 8.36 1 03.50 145.50 4.78 39.51 0.03 0.70 0.30 0.02 4 0.9844 2.02 0.70 
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C-1 Land- Mtrs ph-Top pH-50 EC-Top EC-50 Org-C C03 Bare Live Dead Litter Slope Aspect lnfiltr Compact 
form Ground Veg Veg (Cosine) 
52-4 1 4 149 8.1 3  8.39 1 1 3.40 88.00 5.58 39.1 2  0.00 0.80 0.20 0.02 3 0.7597 2.70 0.95 S2-5 1 6 241 8 . 14 8.41 1 06.00 92.70 5.77 38.90 0.02 0.90 0.1 0  0.05 3 0.7597 2.02 0.75 S2-6 1 6 280 8.05 8.42 1 08.80 82.40 6.27 38.86 0.01 0.70 0.30 0.03 8 -0.8839 3.83 0.95 52-7 1 5 363 8.29 8.34 1 38.00 2244.00 7.08 38.05 0.01 0.90 0.1 0  0.01 0 1 .0000 2.37 1 .35 S2-8 1 6 406 8 . 16  8.73 234.80 85.30 7.90 37.75 0.00 0.70 0.30 0.02 4 0.6333 7.57 1 .20 S3-1 . 1 1 0 8.43 8.64 1 59.90 952.00 4.70 39.61 0.75 1 .00 0.00 0.00 1 6  0.9380 1 . 17  0.80 53-2 1 2 17  8.45 8.68 1 96.60 386.40 4.59 39.64 0.40 0.90 0.1 0  0.01 8 0.7597 1 .25 1 .25 53-3 1 3 45 8.38 8.78 1 1 4.00 1 1 3.00 5.17 39.1 6  0.1 0  0.80 0.20 0.01 6 -0.7877 1 .77 1 .20 53-4 1 4 1 1 1  8.42 8.71 89.70 1 04.00 4.87 39.62 0.40 0.90 0.1 0  0.02 1 0  -0.9217 1 .60 1 .65 53-5 1 6 1 89 8.30 8.65 138.50 1 00.80 5.69 38.96 0.07 0.60 0.40 0.02 6 0.4081 2.02 1 .50 53-6 1 5 267 8.57 8.64* 138.90 439.00* 6.33 38.49 0.00 0.80 0.20 0.01 0 1 .0000 2.33 2.25 S3-7 1 5 332 8.04 8.35* 31 6.80 1 960.00* 7.40 38.1 3  0.02 0.70 0.30 0.02 1 0.3258 1 .82 2.20 S3-8 1 5 479 8.42 8.57* 1 1 8.40 1 377.00* 6.67 38.05 0.00 0.70 0.30 0.00 0 1 .0000 1 .57 1 .90 
Nc1-1 0 1 0 8.86 8.30 238.30 1 86.40 4.84 39.44 0.75 0.90 0 . 10  0.00 4 -0.7302 0.80 0.22 
Nc1-2 0 2 28 8.67 8.29 92.80 91 .40 5.� 7  39.24 0.07 0.90 0 .10 0.03 2 -0.0221 2.43 '0.85 Nc1-3 0 3 50 8.43 8.32 88.20 91 .60 5.61 39. 1 1  0.07 0.70 0.30 0.05 3 0.8623 4.97 1 .00 
Nc1-4 0 4 1 68 8.58 8.39 77.90 88.20 5.22 39.1 5  0.12 0.80 0.20 0.03 2 1 .0000 1 .83 1.40 
Nc1-5 0 4 1 95 8.68 8.39 74.00 1 04.00 5.25 39.28 0 . 15 0.80 0.20 O.o7 1 0  0.9961 0.98 1 .35 Nc1-6 0 5 271 8.81 8.29* 83.00 1 1 02.00* 4.56 39.95 0.15 0.70 0.30 0.02 0 t.0000 1 .32 1 .85 
Nc1-7 0 5 437 8.73 8.54 80.80 97.70 4.82 39.77 0.75 0.90 0. 1 0  0.01 0 1 .0000 1 .12 1 .85 Nc1-8 0 5 489 8.80 8.56* 74.70 91 .40* 4.94 39.25 0.75 0.80 0.20 0.02 0 1 .0000 1 .65 2.25 Nc2-1 0 1 0 8.96 8.93 145.80 153.90 4.45 39.73 0.80 0.90 0.1 0  0.00 8 0.9844 0.83 0.55 Nc2-2 0 2 26 8.68 8.89 1 1 4.00 84.90 5.00 39.42 0.08 0.80 0.20 0 . 15 3 -0.7302 2. 1 0  1 .00 Nc2-3 0 3 61 8.97** 9.42** 96.20 132.00 6.38 38.78 0.05 0.90 0 . 10  0.25 0 1 .0000 4.02 1 .00 Nc2-4 0 1 161  8.85** 9.39** 1 09.70 76.30 6.78 38.82 0.08 0.90 0.10 0.08 4 -0.7877 2.02 0.90 Nc2-5 0 6 227 9.32** 9.44** 79.50 74.60 4.92 39.23 0.40 0.90 0 . 10  0.25 5 0.6333 0.92 1 .95 Nc2-6 0 5 299 9.14** 9.35** 93.00 373.80 5.29 39.28 0.1 5  0.70 0.30 0. 1 5  0 1 .0000 1 .35 1 .35 Nc2-7 0 5 374 9.31** 9.38** 83.40 78.60 4.86 39.1 7  0.35 0.80 0.20 0.03 0 1 .0000 1 .30 1 .35 Nc2-8 0 5 435 9.27** 9.49** 81 .00 85.60 4.99 39.01 0.70 0.90 0 . 10  0.04 1 0.9650 0.95 1 .85 Nc3-1 0 1 0 9.32** 9.24** 269.50 938.00 5.39 38.91 0.75 1 .00 0.00 0.00 9 0 .5624 0.90 0.55 Nc3-2 0 2 1 9  9.41** 9.77** 170.90 726.00 5.30 38.98 0.75 0.70 0.30 0.01 8 0.6333 0.85 0.55 Nc3-3 0 3 63 9.23** 9.43** 132.30 1 1 9.90 5.62 38.80 0.07 0.90 0.1 0  0.15 0 1 .0000 1 .1 3  1 .35 
Nc3-4 0 4 1 55 9.1 8** 9.37** 120.20 82.20 5.39 39.07 0.08 0.90 0 .10 0.05 2 0.8623 1 .35 1 .50 Nc3-5 0 5 258 9.32** 9.44** 1 00.00 406.00 5.13 39.41 0.20 0.70 0.30 0.08 0 1 .0000 1 .07 1 .95 
Nc3-6 0 5 342 9.37** 9.48** 90.80 82.00 5.30 39.03 0.40 0.80 0.20 0.25 3 -0.9524 0.87 1 .40 
Nc3-7 0 5 406 9.25** 9.37** 94.40 231 .50 5.32 39.20 0.50 0.70 0.30 0.05 0 1.0000 1 .33 1 .95 Nc3-8 0 5 462 9.24** 9.41** 87.20 92.20 5.40 39. 14 0.80 0.80 0.20 0.05 0 1 .0000 0.92 1 .80 N1-1 1 1 0 8.42 8.63 443.00 134. 10  5.52 38.82 0.25 0.60 0.40 0.02 2 -0.9912 1 .73 0.95 N1-2 1 2 1 7  8.38 8.51 1 52.1 0  512.00 5.61 38.86 0.1 5  0.70 0.30 0.03 6 0.241 0 1 .27 1 .45 N1-3 1 3 31 8.1 5  8.74 1 65.90 1 59.50 6.71 38.38 0.00 0.70 0.30 0.05 5 -0.0221 2.15  0.70 N1-4 1 4 71 8.26 8.52 174.30 652.00 5.61 38.99 0.00 0.70 0.30 0.02 14  -0.9990 1 .40 1 .25 N1-5 1 5 143 8.54 8.25* 263.00 2790.00* 6.90 36.96 0.01 0.90 0 . 10  0.01 0 1 .0000 4.10 2.75 
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C-1 Land- Mtrs ph-Top pH-50 EC-Top EC-50 Org-C C03 Bare Live Dead Litter Slope Aspect lnfiltr Compact 
· form Ground Veg Veg (Cosine) 
N1-6 1 5 201 8.55* 8.35* 141 .00* 2817.00* 5.37 39.1 8  0.02 0.60 0.40 0.02 0 1 .0000 2.82 2.00 
N1-7 1 5 320 8.24 8.91* 1 39.50 1 1 3.00* 6.69 38.43 0.02 0.90 0 .10  0.02 4 -0.8839 6.85 1 .30 
N1-8 1 5 372 8.35 8.36* 1 12.50 4150.00* 6.58 38.16  0.01 0.80 0.20 0.02 4 -0.7302 3.25 0.85 
N2-1 1 1 0 8.75 8.54 241 .00 1 05.00 4.79 39.57 0.50 0.60 0.40 0.03 2 -0. 1 1 04 1 .55 1 .60 
ri.12-2 1 2 1 3  8.41 8.61 249.00 145.20 5.56 39.22 0.08 0.60 0.40 0.02 1 -0.7302 3.70 1 .25 
N2-3 1 3 39 8.42 8.58 107.50 90.60 5.35 38.66 0.07 0.70 0.30 0.03 4 0.8142 2.98 1 .85 
N2-4 1 5 73 8.33 8.60 1 30.70 91 .80 6.56 38.69 0.04 0.70 0.30 0.05 2 0.6333 2.98 0.95 
N2-5 1 5 1 1 7  8.44 8.51* 92.80 326.90* 5.14 39.49 0.02 0.70 0.30 0.02 2 -0.2836 1 .32 1 . 10  
N2-6 1 5 1 87 8.44 8.44* 1 34.70 1317.00* 5.44 39.40 0.00 0.60 0.40 0.00 0 1 .0000 7.1 8  2.60 
N2-7 1 6 261 8.24 8.78 1 06.10 1 00.1 0  5.96 38.81 0.1 0  0.70 0.30 0.03 5 -0.7877 3.50 1 .70 
N2-8 1 5 347 8.42 8.47* 1 02.00 1 676.00* 6.31 38.78 0.00 0.70 0.30 0.03 0 1 .0000 1 .28 1 .40 
N3-1 1 1 0 8.51 8.96 125.00 1 03.60 4.69 39.72 0.55 0.60 0.40 0.01 3 -0.4481 1 .22 1 .30 
N3-2 1 2 20 8.48 8.88 1 08.00 89.40 4.86 39.55 0.40 0.70 0.30 0.01 4 0.9037 2.07 0.90 
N3-3 1 3 49 8.32 8.88 128.00 216.40 6.02 38.96 0.07 0.70 0.30 0.04 3 -0. 1 1 04 7.78 1 .1 5  
N3-4 1 6 1 31 8.61 8.90 1 14.70 1 15.20 6.26 39.05 0.17 0.80 0.20 0.30 3 0.7597 2.93 0.90 
N3-5 1 5 179 8.62 8.50* 97.60 1 578.00* 7.20 38.57 0.00 0.70 0.30 0.01 3 0.3258 1 .50 1 .20 
N3-6 1 5 274 8.51 8.91 122.1 0  93.40 5.38 39.62 0.07 0.60 0.40 0.05 4 -0.9217 1 .90 1 . 1 5  
N3-7 1 5 359 8.56 8.84 172.20 182.20 8.71 37.57 0.00 0.90 0.10 0 .10 0 1 .0000 1 .27 1 .05 
N3-8 1 5 427 8.86 8.66* 1 1 3.00 667.00* 5.82 38.90 0.01 0.70 0.30 0.30 0 1 .0000 2.00 1 .25 
* Soil not completely dry 
** High pH readings (Nc2-3 to Nc3-8) 
75 
SIMPER - ALL SITES 
Similarity Percentages - species contributions 
Pa rame t ers 
Standardi se data : Yes 
Trans form :  Square root 
Cut off for l ow contributions : 9 0 . 0 0 %  
Factor name : Control - Impact 
Fa ctor groups : 0 1 
Group O (Control sites) - Average similarity: 36.77 
Species Av. 
Abund 
Scaevola crassifolia 1 1 .2 1  
Olearia axillaris 4 .7 1 
Carpobrotus virescens 2.85 
Spyridium globulosum 4. 1 9  
Exocarous Sp.2 3 . 83 
Isolepis nodosa 3 .08 
Myoporum insulare 3 . 1 0  
Rhagodia baccata 2 .58  
Acacia cyclops 5 .77 
Threlkeldia diffusa 0.90 
*Bromus diandrus 1 . 10 
Senecio lautus 0 .58 
Conostylis candicans 1 .65 
*Crassula glomerata 0.85 
Leucopogon parviflorus 1 .42 
*Lolium rigidum 0.88 
Cassytha sp. 1 0.88 
Poa poifonnis 0.75 
*Thinopyrum distichum 2.52 
Group 1 (Impact sites) - Average similarity: 36.43 
Species Av. 
Abund 
Scaevola crassifolia 1 1 . 58  
Acacia cvclops 1 1 .44 
Myopomm insulare 9.75 
Rhagodia baccata 4 .56 
*Bromus diandrus 5 . 94 
Isolepis nodosa 2.75 
Cassytha sp. l 4 .92 
Threlkeldia diffusl;l 1 . 1 3  
*Trachyandra divaricata 2 .42 
* Arctotheca calendula 1 .25 
Sporobolus virgincus 8 .50 
Carpobrotus virescens 1 .25 
Olearia axillaris 1 . 1 5  
Exocarpus Sp.2 1 . 1 0  
Lepidosperma gladiatum 2 .60 
*Juncus acutus 5 . 1 9  
76 
Av.Sim 
4.62 
4.08 
2.91 
2 .83 
2.83 
2.7 1 
2. 13 
2 . 12 
1 .45 
1 .23 
0.99 
0.96 
0.9 1  
0 .84 
0.65 
0 .64 
0.52 
0.48 
0.42 
Av.Sim 
4.89 
4.05 
3 .80 
3 .2 1  
3 . 1 5  
2.64 
2 .55 
1 . 53 
1 .46 
1 .36 
1 .24 
0 .87 
0.80 
0.66 
0.55 
0.49 
APPENDIX C 
PRIMER 2/1 1 /2003 
Sim/SO Contrib% Cum.% 
0 .9 1  12 . 56  1 2. 56 
1 . 16 1 1 .09 23 .66 
1 .0 1  7.90 3 1 .56 
0.88 7 .71  39.27 
0.9 1 7 .70 46.97 
0 .97 7 .36 54.33 
0 .70 5 . 80 60. 1 3  
0 .91 5 .77 65 .90 
0.5 1 3 .94 69 .84 
0.68 3 .33 73 . 1 7  
0.59 2.69 75 .86 
0 .63 2 .60 78.46 
0.5 1 2.48 80.94 
0 .54 2 .28 83 .23 
0.37 1 .76 84.99 
0.47 1 .75 86.73 
0.41 1 .43 88. 1 6  
0.36 1 .32 89.48 
0 . 1 4  1 . 1 3 90.61  
Sim/SD Contrib% Cum.% 
0.94 1 3 .43 1 3 .43 
0.79 1 1 . 1 1  24.53  
0.82 1 0.43 34.97 
1 .04 8 .80 43.77 
1 .07 8 .66 52.43 
1 . 12 7.25 59.68 
0. 84 7.00 66.67 
0.85 4.20 70. 87 
0.57 4 .00 74.87 
0.73 3 .73 78.6 1 
0.33 3 .40 82.00 
0.45 2 .38 84.38 
0.46 2 .2 1 86.59 
0.42 1 . 8 1  88.40 
0.29 1 . 50 89.90 
0.20 1 .35  9 1.25 
APPENDIX C 
PRIMER 8/1 1 /2003 
S IMPER . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . Sites 1 & 2 
Similarity Percentages � species contributions 
Worksheet 
Fil e :  C : \WINDOWS\Desktop\For CD\Primer\Cover . pri 
Sample s election : 
1 , 2 , 9 , 1 0 , 1 7 , 1 8 , 2 5 , 2 6 , 33 , 3 4 , 4 1 , 4 2 , 4 9 , 50 , 57 , 58 , 65 , 6 6 , 7 3 , 7 4 , 8 1 , 8 2 , 8 9 , 90 
Variable selection : All 
Parameters 
Standardise data : Yes 
Transform : Square root 
Cut off for low contributions : 90 . 00%  
Factor name : Control - Impact 
Fa ctor groups 
0 
1 
Group 0 
Average similarity : 4 0 . 2 9 
Species Av . Abund 
*Thinopyrum distichurn 1 0 . 08 
*Tetragonia decumbens 6 . 0 8 
Carpobrotus virescens 3 . 58 
Olearia axillaris 2 . 50 
Myoporum insulare 3 , 83 
Scaevola crassifolia 12 . 0 0 
Threlkeldia diffusa 1 .  08  
*Cakile maritima 0 . 7 5 
Isolepis nodosa 1 .  67 
*Trachyandra divaricata 0 . 75 
Rhagodia baccata 1 .  92 
Group 1 
Average similarity : 3 7 . 4 9 
Species Av . Abund 
Scaevola crassifolia 1 7 . 25 
Carpobrotus virescens 3 . 58 
*Thinopyrum distichum 7 . 2 5 
*Trachyandra divaricata 2 . 7 5 
*Tetragonia decumbens 1 .  92 
* Cakile maritima 1 .  0 0  
Myoporurn insulare 4 . 17 
Acacia cyclops 3 . 50 
Rhagodia baccata 1 .  42  
Isolepis nodosa 1 .  58  
Threlkeldia diffusa 0 . 5 8 
Exocarpus Sp . 2  1 .  7 5  
Av . Sim 
7 . 11 
5 . 8 9 
5 . 7 7 
4 . 2 0 
3 . 93 
2 . 63 
1 .  90  
1 .  35  
1 .  33  
1 .  3 2  
0 .  9 6  
Av . Sim 
6 . 64 
4 . 63 
3 . 6 6 
3 . 3 4 
3 . 15 
2 . 4 7 
2 . 1 0 
1 .  51  
1 .  4 0  
1 .  3 7  
1 . 1 9 
1 . 1 6 
Sim/SD 
0 .  71  
0 . 93 
1 .  53  
1 .  2 1  
0 . 93 
0 . 4 5 
0 .  7 6  
0 . 50 
0 . 5 0 
0 .  65 
0 . 4 1 
Sim/SD 
0 . 8 0 
1 . 12 
0 . 4 1 
1 .  0 6  
0 . 91 
0 .  7 2  
0 . 57 
0 . 4 8 
0 . 66 
0 . 64 
0 . 65 
0 . 50 
Olearia axillaris 1 .  0 8  1 . 1 4 
Groups O & 1 
Ovel'all Average dissimilarity � 6 1 .61  
PRIMER 8/1 1 /2003 
77 
Contrib% Cum. % 
17 . 65 1 7 . 65 
1 4 . 61 3 2 . 2 6  
14 . 32 4 6 . 58 
10 . 4 4 57 . 0 2 
9 . 7 5 6 6 . 7 7 
6 . 52 7 3 . 2 9 
4 .  7 2  7 8 . 01 
3 . 3 4 8 1 . 3 5  
3 . 31 8 4 . 66 
3 . 2 7 87 . 94 
2 . 3 9 90 . 33 
Contrib% Cum . % 
1 7 . 7 1  1 7 . 7 1  
12 . 35 3 0 . 0 6 
9 . 7 6 3 9 . 82 
8 . 92 4 8 . 7 4 
8 . 4 0 57 . 1 4 
6 . 58 63 . 7 2  
5 . 61 6 9 . 33 
4 . 02 7 3 . 3 4 
3 . 7 3 7 7 . 07  
3 . 66 8 0 , 7 3 
3 . 1 8 8 3 . 92 
3 . 0 8 8 7 . 00 
0 . 52 3 . 04 90 . 0 4 
APPENDIX C 
PRIMER 8/1 1 /2003 
S IMPER . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . Sites 1 & 2 
Similarity Percentages � species contributions 
Worksheet 
Fil e :  C : \WINDOWS\Desktop\For CD\Primer\Cover . pri 
Sample s election : 
1 , 2 , 9 , 1 0 , 1 7 , 1 8 , 2 5 , 2 6 , 33 , 3 4 , 4 1 , 4 2 , 4 9 , 50 , 57 , 58 , 65 , 6 6 , 7 3 , 7 4 , 8 1 , 8 2 , 8 9 , 90 
Variable selection : All 
Parameters 
Standardise data : Yes 
Transform : Square root 
Cut off for low contributions : 90 . 00%  
Factor name : Control - Impact 
Fa ctor groups 
0 
1 
Group 0 
Average similarity : 4 0 . 2 9 
Species Av . Abund 
*Thinopyrum distichurn 1 0 . 08 
*Tetragonia decumbens 6 . 0 8 
Carpobrotus virescens 3 . 58 
Olearia axillaris 2 . 50 
Myoporum insulare 3 , 83 
Scaevola crassifolia 12 . 0 0 
Threlkeldia diffusa 1 .  08  
*Cakile maritima 0 . 7 5 
Isolepis nodosa 1 .  67 
*Trachyandra divaricata 0 . 75 
Rhagodia baccata 1 .  92 
Group 1 
Average similarity : 3 7 . 4 9 
Species Av . Abund 
Scaevola crassifolia 1 7 . 25 
Carpobrotus virescens 3 . 58 
*Thinopyrum distichum 7 . 2 5 
*Trachyandra divaricata 2 . 7 5 
*Tetragonia decumbens 1 .  92 
* Cakile maritima 1 .  0 0  
Myoporurn insulare 4 . 17 
Acacia cyclops 3 . 50 
Rhagodia baccata 1 .  42  
Isolepis nodosa 1 .  58  
Threlkeldia diffusa 0 . 5 8 
Exocarpus Sp . 2  1 .  7 5  
Av . Sim 
7 . 11 
5 . 8 9 
5 . 7 7 
4 . 2 0 
3 . 93 
2 . 63 
1 .  90  
1 .  35  
1 .  33  
1 .  3 2  
0 .  9 6  
Av . Sim 
6 . 64 
4 . 63 
3 . 6 6 
3 . 3 4 
3 . 15 
2 . 4 7 
2 . 1 0 
1 .  51  
1 .  4 0  
1 .  3 7  
1 . 1 9 
1 . 1 6 
Sim/SD 
0 .  71  
0 . 93 
1 .  53  
1 .  2 1  
0 . 93 
0 . 4 5 
0 .  7 6  
0 . 50 
0 . 5 0 
0 .  65 
0 . 4 1 
Sim/SD 
0 . 8 0 
1 . 12 
0 . 4 1 
1 .  0 6  
0 . 91 
0 .  7 2  
0 . 57 
0 . 4 8 
0 . 66 
0 . 64 
0 . 65 
0 . 50 
Olearia axillaris 1 .  0 8  1 . 1 4 
Groups O & 1 
Ovel'all Average dissimilarity � 6 1 .61  
PRIMER 8/1 1 /2003 
77 
Contrib% Cum. % 
17 . 65 1 7 . 65 
1 4 . 61 3 2 . 2 6  
14 . 32 4 6 . 58 
10 . 4 4 57 . 0 2 
9 . 7 5 6 6 . 7 7 
6 . 52 7 3 . 2 9 
4 .  7 2  7 8 . 01 
3 . 3 4 8 1 . 3 5  
3 . 31 8 4 . 66 
3 . 2 7 87 . 94 
2 . 3 9 90 . 33 
Contrib% Cum . % 
1 7 . 7 1  1 7 . 7 1  
12 . 35 3 0 . 0 6 
9 . 7 6 3 9 . 82 
8 . 92 4 8 . 7 4 
8 . 4 0 57 . 1 4 
6 . 58 63 . 7 2  
5 . 61 6 9 . 33 
4 . 02 7 3 . 3 4 
3 . 7 3 7 7 . 07  
3 . 66 8 0 , 7 3 
3 . 1 8 8 3 . 92 
3 . 0 8 8 7 . 00 
0 . 52 3 . 04 90 . 0 4 
APPENDIX C 
SIMPER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sites 3 � 8 
Similarity Percentages - species contributions 
Worksheet 
File : C : \WINDOWS\Desktop\For CD\Primer\Cover . pri 
sample selection : 3-8 , ll-16 , 19-24 , 27-32 , 35-40 , 43-48 , 51-56 , 59-64 , 67-72 , 75 - 8 0 , 83-88 , 91-
96  
variable selection : All 
Parameters 
Standardise  data : No 
Trans form: Square root 
Cut off for low contributions : 9 0 . 00% 
Factor name : Control - Impact 
Factor groups 
0 
1 
Group 0 
Average similarity : 4 4 . 58 
Species AV . Abund Av . Sim 
Scaevola crassifolia 10 . 94 5 . 21 
Spyridium globulosum 5 . 5 6 4 . 83 
Exocarpus Sp . 2  4 . 92 4 . 52 
Olearia axillaris 5 . 4 4 3 .  9 6  
Isolepis nodosa 3 . 56 3 . 1 6 
Rhagodia baccata 2 . 8 1 2 . 51 
Carpobrotus virescens 2 . 61 2 . 12 
Conostylis candicans 2 . 1 9 1 .  63 
Acacia cyc;lops 6 . 14 1 .  61 
Myoporum insulare 2 . 8 6 1 .  59 
Senecio lautus o . 7 2  1 .  52 
*Bromus diandrus 1 . 2 5  1 .  4 3  
Leucopogon parviflorus 1 .  8 9  1 . 2 0  
*Lolium rigidum 1 . 17 1 . 17 
*Crassula glomerata 1 .  00 1 .  07 
Threlkeldia diffusa 0 . 83 1 .  05 
Poa poiformis 1 .  00 0 . 87 
Acacia truncata 2 . 19 0 . 66 
Group 1 
Average similarity :  42 . 11 
Species Av . Abund Av. Sim 
Acacia cyclops 14 . 08 4 . 94 
Sc;aevola crassifolia 9 . 69 4 . 5 6 
*Bromus diandrus 7 . 50 4 . 38 
Myoporum insulare 11 . 61 4 . 2 6  
Rhagodia baccata 5 . 61 4 . 00 
Cassytha sp . l  5 . 03 3 . 44 
Isolepis nodosa 3 . 14 3 . 20 
Sporobolus virgincus 11 . 33 2 . 16 
Threlkeldia diffusa 1 .  3 1  1 .  6 6  
*Arctotheca calendula 1 .  3 9  1 . 53 
Lepidosperma gladiatum 3 , 47 0 . 95 
*Trachyandra divaricata 2 . 3 1 0 . 93 
*Juncus acutus 6 . 92 0 . 8 9 
Spyridium globulosum 1 .  78 0 . 85 
Poa poiformis 1 . 11 0 . 81 
Groups 0 & 1 
Sim/SD 
1 . 2 1  
1 .  69 
1 .  43  
1 . 13 
1 . 2 8  
1 . 22  
0 . 94 
0 .  77  
0 . 59 
0 . 65 
0 . 87 
0 . 80 
0 . 53 
0 . 69 
0 . 63 
0 . 65 
0 . 51 
0 . 32 
Sim/SD 
0 .  92 
1 .  09 
1 .  60 
0 . 92 
1 . 21 
1 . 14 
1 . 38  
0 . 47 
0 . 92 
0 . 83 
0 . 40 
0 .  4 6  
0 . 28 
0 . 50 
0 . 50 
Overall Average dissimilarity 67 . 1 1 
78 
contrib% Cum . % 
11 . 69 1 1 .  69  
10 . 85 22 . 54  
10 . 13 32 . 67 
8 . 89 4 1 .  57 
7 . 08 48 . 65 
5 . 63 54 . 2 8  
4 . 7 6 59 . 04 
3 . 66 62 . 70 
3 . 62 66 . 32 
3 . 5 6 69 . 8 8 
3 , 4 1 73 . 2 9 
3 . 20 7 6 . 49 
2 . 69 7 9 . 18 
2 .  62 8 1 . 8 0  
2 . 4 1 84 . 2 1  
2 . 3 6  8 6 . 5 6 
1 . 95 88 . 52 
1 .  4 9  90 . 01 
Contrib% Cum. % 
1 1 .  73 11 . 73 
10 . 8 4 22 . 57 
10 . 3 9 32 . 96 
10 . 12 4 3 . 07 
9 . 50 52 . 58 
8 . 18 60 . 75 
7 . 61 68 . 3 6  
5 . 13 73 . 49 
3 . 95 77 . 43 
3 . 64 81 . 08  
2 . 27 83 . 34 
2 . 21 85 . 56 
2 . 11 87 . 67 
2 . 03 8 9 . 70 
1 .  93 91 . 63 
APPENDIX C 
SIMPER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sites 3 � 8 
Similarity Percentages - species contributions 
Worksheet 
File : C : \WINDOWS\Desktop\For CD\Primer\Cover . pri 
sample selection : 3-8 , ll-16 , 19-24 , 27-32 , 35-40 , 43-48 , 51-56 , 59-64 , 67-72 , 75 - 8 0 , 83-88 , 91-
96  
variable selection : All 
Parameters 
Standardise  data : No 
Trans form: Square root 
Cut off for low contributions : 9 0 . 00% 
Factor name : Control - Impact 
Factor groups 
0 
1 
Group 0 
Average similarity : 4 4 . 58 
Species AV . Abund Av . Sim 
Scaevola crassifolia 10 . 94 5 . 21 
Spyridium globulosum 5 . 5 6 4 . 83 
Exocarpus Sp . 2  4 . 92 4 . 52 
Olearia axillaris 5 . 4 4 3 .  9 6  
Isolepis nodosa 3 . 56 3 . 1 6 
Rhagodia baccata 2 . 8 1 2 . 51 
Carpobrotus virescens 2 . 61 2 . 12 
Conostylis candicans 2 . 1 9 1 .  63 
Acacia cyc;lops 6 . 14 1 .  61 
Myoporum insulare 2 . 8 6 1 .  59 
Senecio lautus o . 7 2  1 .  52 
*Bromus diandrus 1 . 2 5  1 .  4 3  
Leucopogon parviflorus 1 .  8 9  1 . 2 0  
*Lolium rigidum 1 . 17 1 . 17 
*Crassula glomerata 1 .  00 1 .  07 
Threlkeldia diffusa 0 . 83 1 .  05 
Poa poiformis 1 .  00 0 . 87 
Acacia truncata 2 . 19 0 . 66 
Group 1 
Average similarity :  42 . 11 
Species Av . Abund Av. Sim 
Acacia cyclops 14 . 08 4 . 94 
Sc;aevola crassifolia 9 . 69 4 . 5 6 
*Bromus diandrus 7 . 50 4 . 38 
Myoporum insulare 11 . 61 4 . 2 6  
Rhagodia baccata 5 . 61 4 . 00 
Cassytha sp . l  5 . 03 3 . 44 
Isolepis nodosa 3 . 14 3 . 20 
Sporobolus virgincus 11 . 33 2 . 16 
Threlkeldia diffusa 1 .  3 1  1 .  6 6  
*Arctotheca calendula 1 .  3 9  1 . 53 
Lepidosperma gladiatum 3 , 47 0 . 95 
*Trachyandra divaricata 2 . 3 1 0 . 93 
*Juncus acutus 6 . 92 0 . 8 9 
Spyridium globulosum 1 .  78 0 . 85 
Poa poiformis 1 . 11 0 . 81 
Groups 0 & 1 
Sim/SD 
1 . 2 1  
1 .  69 
1 .  43  
1 . 13 
1 . 2 8  
1 . 22  
0 . 94 
0 .  77  
0 . 59 
0 . 65 
0 . 87 
0 . 80 
0 . 53 
0 . 69 
0 . 63 
0 . 65 
0 . 51 
0 . 32 
Sim/SD 
0 .  92 
1 .  09 
1 .  60 
0 . 92 
1 . 21 
1 . 14 
1 . 38  
0 . 47 
0 . 92 
0 . 83 
0 . 40 
0 .  4 6  
0 . 28 
0 . 50 
0 . 50 
Overall Average dissimilarity 67 . 1 1 
78 
contrib% Cum . % 
11 . 69 1 1 .  69  
10 . 85 22 . 54  
10 . 13 32 . 67 
8 . 89 4 1 .  57 
7 . 08 48 . 65 
5 . 63 54 . 2 8  
4 . 7 6 59 . 04 
3 . 66 62 . 70 
3 . 62 66 . 32 
3 . 5 6 69 . 8 8 
3 , 4 1 73 . 2 9 
3 . 20 7 6 . 49 
2 . 69 7 9 . 18 
2 .  62 8 1 . 8 0  
2 . 4 1 84 . 2 1  
2 . 3 6  8 6 . 5 6 
1 . 95 88 . 52 
1 .  4 9  90 . 01 
Contrib% Cum. % 
1 1 .  73 11 . 73 
10 . 8 4 22 . 57 
10 . 3 9 32 . 96 
10 . 12 4 3 . 07 
9 . 50 52 . 58 
8 . 18 60 . 75 
7 . 61 68 . 3 6  
5 . 13 73 . 49 
3 . 95 77 . 43 
3 . 64 81 . 08  
2 . 27 83 . 34 
2 . 21 85 . 56 
2 . 11 87 . 67 
2 . 03 8 9 . 70 
1 .  93 91 . 63 
S th C tr I C OU on 0 - over p t ercen ages T t PI t ransec - 0 
Species 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 3-1 3-2 3-3 3-4 3-5 3-6 3-7 3-8 
*Thinoovrum distichum 5 0 0 0 0 0 0 0 7 1 0 0 0 0 0 0 5 0 0 0 0 0 0 0 
Carpobrotus virescens 1 5 1 1 2 0 0 0 1 7 0 4 1 1 0 0 1 5 2 4 1 1 0 0 
Olearia axillaris 1 1 2 7 20 10 8 9 4 0 7 3 6 2 10 10 1 5 9 0 4 12 1 1  6 
*Trachvandra divaricata 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 
Myoporum insulare 2 12 3 2 5 3 1 0 0 0 1 2 6 5 0 0 1 9 3 1 0 0 0 0 
*Tetragonia decumbens 4 9 1 0 0 0 0 0 8 5 0 0 0 0 0 0 2 6 0 0 0 0 0 0 
Threlkeldia diffusa 1 1 1 2 1 0 0 0 0 1 2 1 1 1 0 0 1 6 1 1 1 0 1 0 
*Cakile inaritima 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Spinifex hirsutus 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pimelea ferrmrinea 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
Atriplex isatidea 0 4 1 0 0 0 0 0 0 6 0 0 0 0 0 0 1 6 0 0 0 0 0 0 
* Arctotheca oooulifolia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Ehrhata villosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
So.24 0 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 0 0 1 0 0 
Scaevola crassifolia 0 2 65 35 8 5 0 3 0 30 17 17  19  6 5 2 0 20 17 11 15  4 4 0 
Rhagodia baccata 0 1 2 3 1 2 1 1 0 2 6 1 1 0 0 1 0 5 0 2 3 4 2. 1 
Spyridium globulosum 0 0 l 3 2 1 0  1 2  10 0 0 4 1 3 7 3 12 0 0 9 3 5 1 1  1 1  15 
Cassytha sp. l 0 0 4 2 0 1 1 1 0 1 1 5  0 1 1 1 5 0 1 0 0 1 1 1 1 
Senecio lautus 0 1 1 0 1 1 1 1 0 0 1 1 1 1 1 1 0 1 1 1 2 1 1 1 
Isoleois nodosa 0 0 1 3 1 0 1 1 0 0 1 2 2 0 2 1 0 0 2 2 0 0 0 0 
* Arctotheca calendula 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Poa ooifonnis 0 0 0 3 2 4 2 l 0 0 0 2 3 2 1 0 0 0 1 2 2 4 3 2 
Clematis linearifolia 0 0 0 1 1 0 l 0 0 0 7 0 0 0 1 0 0 0 0 0 0 0 0 0 
Soinifex lon�folius 0 0 0 1 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 
Conostvlis candicans 0 0 0 2 5 20 5 4 0 0 0 0 1 12 0 3 0 0 0 1 5 2 1 1 
Exocarous sparteus 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 0 0 0 0 
*Crassula glomerata 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 
Leucophyta brownii 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Acacia truncata 0 0 0 0 2 8 6 1 1  0 0 0 0 0 1 9 10 0 0 0 2 4 7 10 9 
Leucopogon parviflorus 0 0 0 0 3 5 5 8 0 0 0 0 0 4 5 8 0 0 1 0 4 3 4 3 
Nemcia reticulata 0 0 0 0 4 4 2 1 0 0 0 1 0 2 0 5 0 0 0 5 0 1 0 0 
Exocarous so.2 0 0 0 0 4 7 7 4 0 0 0 2 2 1 4 8 0 0 2 7 4 3 9 1 
*Orobanche minor 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Ooercularia Val!inata 0 0 0 0 2 3 2 1 0 0 0 0 0 1 1 1 0 0 1 0 0 1 1 1 
*Bromus diandrus 0 0 0 1 0 0 1 0 0 0 0 1 1 0 0 0 0 0 1 4 4 1 1 1 
*Lolium rigidum 0 0 0 1 0 0 1 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 1 
Acrotriche cordata 0 0 0 0 0 1 3 2 0 0 0 0 0 0 7 3 0 0 0 0 0 5 7 25 
Leucopogon insularis 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 l 0 
Acacia cyclops 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 5 4 1 0 0 0 
Acacia lasiocaroa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 
Leoidosoerma gladiatum 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 2 0 0 0 0 0 0 0 1 
Hemiandra puogens 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
Acanthocarous oreissii 0 0 0 0 0 0 0 2 0 0 0 0 1 4 1 0 0 0 0 0 0 0 0 0 
*Euohorbia terracina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 
*Sonchus oleraceus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
79 
Soecies 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 3-1 3-2 3-3 3-4 3-5 3-6 3-7 3-8 
Melaleuca svstena (acerosa) 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
Cassytha so.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 
*Juncus acutus- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sporobolus vireincus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Allocasuarina lehmanniana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Eucalyptus sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 
*Ilypochaeris glabra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Myriocephalus sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
.Ilalosru:cia indica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Steriotaohrum secundatum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sp.32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Trifolium sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sp.28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Lagarus ovatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Euphorbia oeolus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Schoenus sp.l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
So.47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crassula colorata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triglochin SP. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Ilelioohila ousilla 0 0 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
*Eragrostis so. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Isotoma hvoocrate:riformis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Schoenus sp.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
* Ammophila arenaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Drosera sp. 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Podotheca chrvsantha 0 0 0 1 1 1 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 0 0 0 
*Sonchus oleraceus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
* Avena barbata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
80 
s th l OU t C mpac over p t ercen a2:es T t PI t ransec - 0 - - -----
Species 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 3-1 3-2 3-3 3-4 3-5 3-6 3-7 3-8 
*Thinoovrum distichum 10  1 0 0 0 0 0 0 35 4 0 0 0 0 0 0 35 0 0 0 0 0 0 0 
Carpobrotus virescens 6 3 1 1 1 0 0 1 0 9 1 1 0 0 0 0 0 2 1 l 1 0 0 0 
Olearia axillaris 0 1 2 4 5 3 3 2 0 l 1 0 0 0 0 0 0 2 5 1 4 0 0 0 
*Trachyandra divaricata 0 1 1 0 0 0 1 0 0 2 0 3 3 0 0 1 0 4 4 2 0 0 0 0 
Myoporum insulare 0 2 0 12 10 35 20 0 0 7 20 1 0 1 50 I 0 20 1 0 8 25 3 20 
*TetraPonia decumbens 8 5 0 0 0 0 0 0 I 0 0 0 0 0 0 0 I 2 2 0 0 0 0 0 
Threlkeldia diffusa 1 I I 2 4 2 1 4 0 0 2 2 3 I 0 0 0 1 I 1 2 0 2 0 
-*Calcile maritima 1 I 0 0 0 0 0 0 3 1 0 0 0 0 0 0 3 0 0 0 0 0 0 0 
Spinifex hirsutus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pimelea ferru!!inea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Atriplex isatidea 0 2 0 0 0 0 0 0 0 5 0 0 0 0 0 0 3 0 0 0 0 0 0 0 
* Arctotheca populifolia 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Ehrhata villosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sp.24 0 0 I 2 0 0 0 0 0 0 0 0 0 l 0 0 0 0 1 0 0 0 0 0 
Scaevola crassifolia 0 2 25 12 4 5 8 25 0 1 8  1 7  35  1 1 0  1 5  1 0 0 40 6 4 0 20 0 
Rhagodia baccata 0 0 2 3 10 2 10 1 0 0 5 4 5 10 7 5 0 3 l 1 5 0 1 0 
Sovridium globulosum 0 0 1 7 1 0 2 0 0 0 0 1 0 0 2 0 0 0 1 0 0 0 0 0 
Cassvtha so. l 0 0 2 1 1 5 5 1 0 0 8 10 5 13 0 10 0 0 2 2 5 0 2 1 
Senecio lautus 0 0 1 1 1 0 0 0 0 0 1 1 0 0 0 0 0 0 2 1 1 0 0 0 
lsolepis nodosa 0 0 10 1 5 0 3 1 0 0 6 2 1 5 2 0 0 2 5 5 5 1 4 3 
* Arctotheca calendula 1 1 4 0 0 0 0 0 0 0 4 5 1 1 1 1 0 2 6 5 4 1 1 0 
Poa poiformis 0 0 2 1 2 5 2 1 0 0 0 0 2 0 0 0 0 0 0 0 1 2 4 3 
Clematis Iinearifolia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Soinifex lomrifolius 0 0 0 0 0 0 0 0 0 0 7 0 7 4 0 0 0 5 0 35  7 0 0 0 
Conostylis candicans 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Exocarnus sparteus 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Crassula glomerata 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Leucoohvta brownii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Acacia truncata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leucopogon oarviflorus 0 0 0 1 0 3 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nemcia reticulata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Exocarnus sp.2 0 0 1 5 0 0 0 1 0 0 2 1 0 1 0 0 0 6 1 5 2 0 0 0 
*Orobanche minor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ooercularia vagmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Bromus diandrus 0 0 2 3 3 1 5 5 0 0 10 1 1  10 12 0 35 0 7 2 10 7 2 1 0 
*Lolium rigidum 0 0 1 0 0 0 0 0 0 0 5 4 0 0 2 0 0 0 0 0 0 0 0 0 
Acrotriche cordata 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leucopogon insularis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acacia cvcloos 0 0 0 10  1 25 12 3 0 0 0 15 30 1 5  0 50 0 10 0 0 8 0 3 0 
Acacia lasiocaroa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lepidosperma gladiatum 0 0 0 0 2 4 8 4 0 0 6 8 12 7 0 0 0 0 0 0 25 0 0 0 
Hemiandra pungens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acanthocarous preissii 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 
*Euphorbia terracina 0 0 0 0 0 0 0 0 0 0 0 0 10  2 0 0 0 0 0 1 0 0 0 0 
*Sonchus oleraceus 0 0 0 0 0 0 0 0 0 0 0 0 3 3 0 0 0 0 0 0 0 0 0 0 
81 
Species 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 3-1 3-2 3-3 3-4 3-5 3-6 3-7 3-8 
Melaleuca systena (acerosa) 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cassvtha sp.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Juncus acutus 0 0 0 0 0 12 0 7 0 0 0 0 0 0 10 0 0 0 0 0 0 50 15 5 
Sporobolus vireincus 0 0 0 0 0 15  4 10  0 0 0 0 0 0 10  0 0 0 0 0 0 15 8 75 
Allocasuarina lehmanniana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Eucalyptus so. 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Hypochaeris clabra 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Myrioceohalus so. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 2 0 0 
Halosarcia indica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 10  3 7 
*Stenotaohrum secundatum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 8 0 0 0 0 0 0 0 0 
Sp.32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 
*Trifolium so. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
So.2&· 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 
*Lagarus ovatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Euohorbia oeolus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Schoenus sp. l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sp.47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crassula colorata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triclochin so. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Helioohila pusilla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Eragrostis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Isotoma hypocrateriformis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Schoenus sp.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
* Ammophila arenaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Drosera so. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Podotheca chrvsantha 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Sonchus oleraceus 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Avena barbata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
82 
N rth C t I C 0 on ro over p ta ercen u?:es T t PI t ransec - 0 
Species 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 3-1 3-2 3-3 3-4 3-5 3-6 3-7 3-8 
*Thinoovrum distichum 30 0 0 0 0 0 0 0 25 1 0 0 0 0 0 0 45 2 0 0 0 0 0 0 
Carpobrotus virescens 2 1 1 4 2 6 1 1 15  4 0 0 4 13 2 1 0 1 6 3 15  8 8 1 
Olearia axillaris 1 1 0 5 1 0 3 1 1 9 0 0 1 0 9 2 0 6 12 15 0 8 2 1 
*Trachyandra divaricata 1 1 1 1 0 0 0 0 1 1 3 0 0 0 0 0 1 1 1 7 0 0 0 0 
Mvop0rum insulare 3 2 10  17 1 0  1 0 0 2 14 4 1 5  1 0 0 0 0 1 4 7 0 2 0 0 
*Tetrru10nia decumbens 1 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 30 0 0 0 0 0 0 
Threlkeldia diffusa 0 1 2 3 1 1 0 1 0 1 1 2 0 5 0 0 0 1 0 0 1 0 0 0 
. *Calcile maritima 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 4 1 0 0 0 0 0 0 
Spinifex hirsutus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 0 1 0 0 0 0 
Pimelea ferrmrinea 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 
Atriplex isatidea 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
* Arctotheca populifolia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
*Ehrhata villosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
So.24 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 I 3 0 0 0 0 0 
Scaevola crassifolia 10 80 60 15  12 0 3 2 0 0 5 16  3 3 0 1 0 2 18  0 I 14 7 1 
Rhagodia baccata 0 12 3 0 5 1 1 1 0 3 25 18 2 4 0 1 0 0 4 2 I 2 0 0 
Spyridium clobulosum 0 l 5 12 10 0 4 3 0 0 0 12 8 4 2 9 0 0 1 3 0 3 1 1 
Cassvtha so. I 0 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 1 0 0 0 0 0 
Senecio lautus 0 0 0 0 0 0 1 I 0 0 0 0 0 0 2 1 0 0 0 0 0 1 I 1 
Isolepis nodosa 5 2 1 5 5 10  3 4 5 5 1 2 5 10 4 2 1 2 8 7 20 12 8 2 
* Arctotheca calendula 0 l 1 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 1 1 0 0 0 0 
Poa poiformis 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 
Clematis linearifolia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 
Soinifex longifolius 0 0 I 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 I 1 1 0 
Conostylis candicans 0 0 0 2 0 0 1 1 0 0 0 0 3 1 2 2 0 0 0 0 0 1 2 2 
Exocarous soarteus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 
*Crassula clomerata 0 I 1 I 1 1 I 2 0 2 2 2 I 1 2 2 0 1 1 1 5 2 6 2 
Leucoohyta brownii 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 7 0 0 0 0 0 0 
Acacia truncata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leucopogon oarviflorus 0 0 0 2 5 0 0 3 0 0 0 3 1 0 0 0 0 0 0 0 I 0 0 0 
Nemcia reticulata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Exocarous sp.2 0 4 8 8 12 2 9 5 0 2 0 3 9 5 12 6 0 1 0 3 7 1 1  4 8 
*Orobanche minor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 
Onercularia vamnata 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 
*Bromus diandrus 0 5 5 7 3 1 1 1 0 3 1 2 2 0 1 1 0 0 2 2 0 0 0 0 
*Lolium rigidum 0 0 5 0 0 0 1 5 0 0 I 1 1 2 1 2 0 0 1 8 3 3 1 1 
Acrotriche cordata 0 0 0 0 0 0 0 -0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 
Leuco])ogon insularis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acacia cvclops 0 5 1 25 2 1 0 I I 40 65 2 12 7 1 1 0 10 30 30 10  17  3 2 
Acacia lasiocaroa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lepidosperma gladiatum 0 0 0 25 0 0 0 0 0 0 0 20 0 0 0 0 -0 0 0 0 0 0 1 0 
Hemiandra pungens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acanthocarous preissii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Euphorbia terracina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Sonchus oleraceus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
83 
Species 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 3-1 3-2 3-3 3-4 3-5 3-6 3-7 3-8 
Melaleuca systena (acerosa) 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 
Cassytha sp.2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Juncus acutus 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Sporobolus vifl!:incus 0 -0 0 0 1 60 0 0 0 0 0 0 0 4 0 0 0 0 0 0 60 0 2 0 
Allocasuarina lehmanniana 0 0 -0 0 3 1 2 1 0 0 2 0 15 3 2 25 0 0 0 0 9 0 4 7 
*Eucalvotus so. 0 0 0 -0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Hvoochaeris glabra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Myrioceohalus so. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Halosarcia indica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Stenotaohrum secundatum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sp.32 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 0 0 
*Trifolium sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 
So.28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Lagarus ovatus 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Euohorbia oeolus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 
Schoenus so. l -0 0 0 0 1 1 1 0 0 0 0 0 1 1 1 1 0 0 0 0 I 1 I I 
So.47 0 0 0 3 0 0 0 0 0 0 0 0 0 I 0 0 0 0 1 0 0 0 1 0 
Crassula colorata 0 0 0 0 0 0 1 1 0 0 0 0 1 1 1 1 0 0 1 1 3 l r 1 
Trigiochin sp. 0 0 0 0 0 0 1 1 0 0 0 0 I 1 0 0 0 0 0 0 1 1 1 1 
*Heliophila pusilla 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1 0 0 0 1 
*Errurrostis sp. 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Isotoma hypocrateriformis 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Schoenus sp.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
* Ammoohila arenaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Drosera so. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Podotheca chrvsantha 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 
*Sonchus oleraceus 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Avena barbata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
84 
N rth l 0 t C mpac over p t ercen ages T t PI t ransec - 0 
Species 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 3-1 3-2 3-3 3-4 3-5 3-6 3-7 3-8 
*Thinopyrum distichum 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 
Carpobrotus viiescens 2 2 0 0 0 0 0 0 4 2 4 0 3 0 0 0 8 5 1 0 0 0 0 0 
Olearia axillaris 0 1 0 0 0 0 1 4 0 0 0 2 0 0 0 0 5 3 0 0 1 0 0 4 
*Trachvandra divaricata 2 2 2 0 0 0 3 0 8 5 15  5 10  0 15 0 4 5 5 5 8 0 0 0 
Myooorum insulare I 0 0 2 2 6 4 20 0 3 3 1 5  6 20 2 25 15  2 6 25 0 0 75 0 
*Tetragonia decumbens 2 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 2 1 0 0 0 0 0 
Threlkeldia diffusa 1 0 0 0 0 0 0 2 1 1 1 2 1 0 1 4 0 1 2 I 0 1 1 3 
*Caktle maritima 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Spinifex hirsutus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 
Pimelea ferruginea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Atriplex isatidea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
* Arctotheca ponulifolia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Ehrhata villosa 65 20 10 35 0 0 0 0 1 1 25 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sp.24 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 
Scaevola crassifolia 12 35 15  1 1 1 1 10 25 70 35  0 0 0 7 3 25 20 3 0 9 6 4 25 
Rhagodia baccata 1 1 12 25 0 0 6 8 4 4 3 4 12 0 7 7 2 2 20 1 0  10 2 0 4 
Soyridium clobulosum 0 0 1 1 0 0 I 5 0 0 0 7 0 0 0 3 0 0 0 0 20 5 3 3 
Cassytha so. 1 1 2 2 0 0 0 1 5 0 50 5 0 5 5 15  20 2 0 10  15 5 0 10 10 
Senecio lautus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Isolepis nodosa 1 1 1 0 0 1 5 1 3 2 3 1 5  6 l 1 5 4 6 0 1 3 2 2 7 
* Arctotheca calendula 0 1 1 1 0 0 1 1 0 1 1 1 0 l 1 1 0 4 5 1 0 1 0 0 
Poa poifonnis 0 0 0 0 0 0 1 5 0 0 0 0 0 0 0 1 0 0 0 l 0 0 2 5 
Clematis linearifolia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Spinifex longifolius 0 0 0 0 0 0 0 0 0 3 2 0 0 0 I 0 0 0 0 4 0 0 0 0 
Conostylis candicans 0 0 0 0 0 0 3 0 0 0 0 3 0 0 0 0 0 0 0 0 0 1 0 0 
Exocarpus soarteus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Crassula glomerata 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 3 1 1 0 1 0 I 
Leucoohvta brownii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acacia truncata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leucooogon oarviflorus 0 0 0 0 0 0 8 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 
Nemcia reticulata 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Exocarous sp.2 0 2 0 0 0 0 1 0 3 1 3 0 0 0 4 0 4 5 0 0 0 3 0 2 
*Orobanche minor 0 -0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 
Opercularia vagmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Bromus diandrus 1 1 1 1 1 1 40 3 0 4 4 5 1 1 25 2 0 2 15  4 5 40 1 1 
*Lolium rigidum 0 1 1 1 0 0 10 0 0 1 l 1 1 0 0 0 0 0 5 2 3 0 0 0 
Acrotriche cordata 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leucooogon insularis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acacia cyclops 4 5 15 20 0 1 10  15 7 1 10  20 40 0 60 30  15 0 12 60 2 5 20 15 
Acacia lasiocaroa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lepidosperma gladiatum 0 0 0 0 0 0 4 5 0 0 0 0 0 0 0 10 0 0 0 0 1 5  0 0 1 5  
Hemiandra pungens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acanthocarpus preissii 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Euphorbia terracina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 7 0 0 0 0 0 
*Sonchus oleraceus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
85 
Species 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 3-1 3-2 3-3 3-4 3-5 3-6 3-7 3-8 
Melaleuca systena ( acerosa) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 
Cassytha sp.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Juncus acutus. 0 0 0 0 85 50 0 0 0 0 0 0 2 8 0 1 0 0 0 0 0 0 4 0 
Sporobolus vinrincus 0 0 0 0 1 0  45 0 15  0 0 0 0 4 95 0 25 0 0 0 2 20 0 15  40 
Allocasuarina lehmanniana 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 15 0 2 
*Eucalyptus so. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Hvoochaeris elabra 0 0 0 0 0 0 0 l 1 0 0 0 0 1 0 1 0 0 0 0 0 0 1 1 
Myrioceohalus so. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Halosarcia indica 0 0 0 0 7 10  0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 2 0 
*Stenotaphrum secundatum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
So.32 0 0 0 0 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 
*Trifoliurn sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
So.28· 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Lagarus ovatus 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Euohorbia oeolus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Schoenus so. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sp.47 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Crassula colorata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triglochin sp. 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Heliophila pusilla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Eragrostis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Isotoma hypocrateriforrnis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Schoenus sp.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
* Ammoohila arenaria 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 
Drosera so. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Podotheca chrvsantba 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Sonchus oleraceus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
* Avena barbata 0 0 0 0 0 0 I 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
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UTM' s for plot locations 
(AUS84) 
Scl 
Plot E N 
1 328,358 6,588,475 
2 328,366 6,588,499 
3 328,378 6,588,51 8  
4 328,388 6,588,538 
5 328,398 6,588,581 
6 328,41 8  6,588,644 
Track 328,421 6,588,653 
7 328,430 6,588,683 
8 328,445 6,588,728 
Ncl 
Plot E N 
1 326,775 6,590,008 
2 326,806 6,590,007 
3 326,833 6,590,01 1  
4 326,940 6,590,009 
5 326,964 6,590,009 
6 327,038 6,590,007 
7 327, 196 6,590,009 
8 327,243 6,589,993 
Sc2 Sc3 
E N E 
328, 199 6,588,498 327,989 
328, 195 6,588,504 327,99 1 
328, 194 6,588,5 12 328,003 
328, 192 6,588,526 328,009 
328,203 6,588,550 328,014 
328,221 6,588,598 328,040 
328,274 6,588,73 1 328,023 
328,295 6,588,781 328,049 
328,3 13 6,588,804 328,056 
Nc2 Nc3 
E N E 
326,767 6,589,963 326,789 
326,796 6,589,963 326,812 
326,835 6,589,970 326,844 
326,920 6,589,969 326,929 
326,993 6,589,977 327,023 
327,073 6,589,971 327, 105 
327, 148 6,589,974 327, 160 
327,202 6,589,959 327,214 
Sl S3 S2 
N E N E N E N 
6,588,538 327,497 6,588,606 327,290 6,588,574 327, 198 6,588,597 
6,588,550 327,497 6,588,614 327,286 6,588,585 327, 196 6,588,630 
6,588,586 327,495 6,588,656 327,281 6,588,640 327, 198 6,588,677 
6,588,646 327,492 6,588,702 327,279 6,588,693 327,201 6,588,715 
6,588,677 327,496 6,588,790 327,265 6,588,768 327,208 6,588,793 
6,588,770 327,482 6,588,880 327,288 6,588,855 327,218 6,588,828 
6,588,714 327,474 6,588,898 327,288 6,588,873 327,207 6,588,887 
6,588,793 327,478 6,588,944 327,289 6,588,910 327,212  6,588,905 
6,588,826 327,489 6,588,998 327,295 6,589,064 327,233 6,588,956 
Nl N2 N3 
N E N E N E N 
6,590, 165 326,802 6,589, 168 326,789 6,589,283 326,778 6,589,449 
6,590, 154 326,812 6,589, 164 326,793 6,589,285 326,793 6,589,450 
6,590, 1 3 1  326,819  6,589, 166 326,821 6,589,293 326,839 6,589,450 
6,590, 1 03 326,849 6,589,177 326,872 6,589,3 14 326,903 6,589,448 
6,590,060 326,966 6,589,202 326,908 6,589,299 326,958 6,589,442 
6,590,034 327,023 6,589,222 326,975 6,589,298 327,047 6,589,460 
6,590,044 327,187 6,589,267 327,045 6,589,3 13 327, 126 6,589,447 
6,590,042 327,204 6,589,276 327, 120 6,589,325 327,201 6,589,446 
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